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PREFACE. 



This work is intended to convey, to engineers and 
others interested in the subject, an explanation, in 
conveniently plain terms, of the leading electrical 
and magnetic principles involved in the trans- 
mission of electrical energy and its subsequent 
convemon into motive power. It also gives 
examples of the means and apparatus employed 
in the working of electiic railways, and other 
instances of the electrical trauslation of power. 
It is intended further to prepare the way towards 
a more thorough study of the correlative links 
between latent or potential energy, electricity, 
magnetism, and actual or active energy. 

The mere question of obtaining motive power 
from electricity is neither new nor startling; 
but it is only since the discovery of the means 
of economically producing powerful currents of 
electricity that motion by this method became 
practicable for general purposes and the pro- 
pulsion of railway vehicles. "When currents of 
electricity were first utilised for practical purposes, 
and for many years afterwards, the cost of 



generating them precluded their application to 
the production of motion. They were only used 
for telegraphic signalling and for electro-metal- 
lurgical purposes. By the discoveries and dei-elop- 
ments of the past few years the whole aspect of 
the question has undergone a great change. The 
most powerful currents were, by the introduction 
of the dynamo -electric principle, fourteen years 
ago, placed at our disposal. The cost of producing 
these currents was immensely diminished. They 
could be evolved from the energy of coal in the 
steam engine, and they could be conveyed to a 
distance, to be then re-converted into mechanical 
motion, light, heat, or other required form of 
active energy. The waste powers of nature, such 
as waterfalls, could be brought into requisition 
for the development of powerful currents, and it 
at once became practicable to produce motion or 
light by means of these currents. The first might 
be employed in the propulsion of railway trains, 
and in moving machinery ; the second might be 
used in the lighting of the highways. The rate of 
progress so far has been rapid, but more attention 
was at first paid to electric lightLug than to the 
transmission or distribution of power. Now, 
however, that several instances of the application 
of the latter principle exist, in the form of electric 
railways and otherwise, its utilisation is only a 
question of time. Tlie first permanent electric 
I jrailway at Berlin has proved so satisfactory in its 
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■working that it has been considerably extended. 
Tlie first section was from Berlin to LiL'hterfelde, 
and it has since been extended successively to 
Tetlow and Potsdam, the further extension to 
Steglitz being at present in course of construction. 
The Gerinaii Goverament have further granted a 
concession for the formation of an electric raihvay 
from Eisenach to Wartburg. 

The present volume may therefore be con- 
sidered as an attempt not only to elucidate the 
fundamental principles underlying these means of 
translating power, but to explain the constraction 
of the apparatus employed, with particulars of 
examples of what has already been accomplished 
in this direction. It appears necessary to explain 
that tlie construction of dynamo- electric machines 
is only cursorily treated, since it has already 
received attention in works devoted to electric 
lighting. 

The author is glad to have this opportunity to 
tender his thanks for the liberal encouragement 
accorded to his previous endeavours in the domain 
of electro-metallurgy and electric lighting. He 
has to acknowledge bis indebtedness for valuable 
assistance and interesting facts in the present 
instance to Messi-s, Siemens Brothers and Co., of 
London; MM, Trouve, Fontaine, and Deprez, of 
Paris; Sir William Armstrong, F.R.S.; and other 
pioneers of progress in electrical science. 
London, January, 1S8S. 
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ELECTRO-MOTORS. 



CHAPTER I. 
Introductory.' 

"he powerful attractive influence exerted by soft" 
iron, around which an electric current is caused to 
circulate, drew the attention of practical mea, at 
an early period in the history of electrical science, 
towards the conception of a moving force derived 
from some such means. 

When it became known that continuous currents 
of electricity were obtainable by the combustion 
of zinc in the voltaic cell, further curiosity was 
aroused as to the practicability of obtaining an 
economical motive power from this mysterious 
agency by means of electro-magnetism. Various 
experimenters produced electro-magnets capable of 
exerting an attractive force of some hundred- 
■weights near to their polar extremities. It was 
early discovered that the immense attractive 
influence so conferred upon the iron might be 
instantly destroyed by simply suspending the flow 
of the current, and that it might be as rapidly 
revived by restoring it. It was discovered that 

rheu two electro- mag nets were caused to attract 
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each other, they might afterwards be iiicited to 
mutually repel, by merely reversing the course of 
the current in one of them. 

The consideration of these facts led many 
persons to conceive an electro-motor through 
which an electric current would pass ; and it was 
not difficult to believe that such a machine might 
prove more safe and less troublesome than a steam 
engine for purposes of moving machineiy and 
propelling ships. 

About the year 1834 a Russian philosopher, 
Professor Jacobi, began to devote -his attention, 
at the instigation of the Russian Government, to 
the question of obtaining an economical moving 
force from electricity. Applying the then known 
means of converting electric into mechanical force, 
he succeeded in constructing an engine, the motive 
power of which was derived from on electric 
current, maintained by one of the first forms of 
voltaic battery. This machine was probably the 
first electro-motor ever constructed. 

Encouraged by partial success, Jacobi continued 
his experiments, and in the year 1838 succeeded 
in constructing au electric engine capable of 
propelling a boat 2Sft. in length, containing ten 
persons. The vessel moved at four or five miles 
an hour on the Neva. This machine was actuated 
by the electric current evolved by a battery of 
sixty-four cells, which, like most other batteries, 
converted the potential energy of zinc into an 
electric current. The boat was moved through 
the medium of paddle wheels. The same form of 
motor was subsequently appHed by its inventor 
to the driving of machinery, but the great cost 
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INTRODUCTION. 3 

of the zinc cousuraed in the electric battery 
necessitated the abandonment of the scheme. 

A similar machine, in the form of a locomotive, 
was tried by Mr. Davidson, on the Edinburgh 
and Glasgow Railway, in 1832. It was 16ft. 
in length, weighed five tons, and travelled at about 
fonr miles an hour. An experiment similar to 
that made by Professor Jacobi was exhibited by 
Mr. Llewelyn, to the members* of the British 
Association at Swansea, in the year 1848, The 
electro-motor used on that occasion was a great 
improvement upon those previously invented, but 
it also was found too wasteful of zinc in the 
generator to compete with the most inferior steam 
motors in point of working coat. 

An infinite variety of electro-motors, embodying 
examples of the highest inventive powers, in- 
genuity, and constructive skill, was produced in 
the period which elapsed between Jacobi's invention 
and the publication of Dr. Joule's important 
investigation of the mechanical equivalent of heat. 
None of these engines could, however, convert 
electricity into mechanical motion so as to 
supersede steam engines in point of cheapness. 

Dr. Joule's investigation had special reference 
to the question of the electro-motor, but it also 
proved many points not directly affecting these 
machines. It was undertaken chiefly in order to 
determine the relative potential energies of zinc 
and coal. By these means it was hoped that the 
question of the electro-motor might, so far as 
currents from zinc were concerned, be definitely 
settled. At that time zinc was the cheapest 
material by the consumption of which electricity 
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4 ELECTRO-MOTOBS. ^H 

could be evolved. The heat produced by the 
combustion of a pound of zinc could be ascertained, 
and it was eciually easy to determine that due to 
the combustion of a pound of coal; but, although 
an experiment of this nature proved that a pound 
of coal yields about seven times the heat produced 
by the consumption of a similar weight of zinc, 
the fact was of little apparent significance until 
Joule showed, in a conclusive way, that heat has a 
definite value in relation to work — that, in short, 
a given amount of heat, no matter how obtained, 
was invariably equivalent to a corresponding 
amount of mechanical energy. 

The energy or work power potential in zinc 
was proved to be equivalent to the heat yielded 
by that metal in the process of combustion, and 
the same was shown to be true of coal. Hence, it 
was comparatively easy to determine the relative 
costs of working coal and zinc motors when the 
ratio of their efficiencies was determined. The 
same masterly scientific investigation of this great 
question led to the conclusion that a coal motor 
was, scientifically considered, much less effective 
than a zinc or electro motor. But in relation to 
the question of working cost, the fact that coal 
possessed seven times the potential energy of zinc 
was of the greater importance. From this 
consideration it is evident that, as zinc is dearer 
than coal, the cost of energy derived from zinc 
must be very considerably greater than that 
derived from coal. "With regard to this point, 
Professor Jenkin, F.R.S.,- remarks as follows, in 
his "Electricity and Magnetism " (p. 295): "In 
estimating that a zinc motor may be only fifty 
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times as dear as a coal motor, I assume that the 
electro-magnetic engine may be four times as 
efficient as the heat engine in transforming 
potential into actual energy." 

These considerations show very clearly the main 
facts at issue in the case of transmuting the 
potential energy of zinc into current electricity, 
and thence into mechanical effect. They show 
conclusively that it is hopeless to expect that 
electro-motors, the power of which was derived 
from zinc, could compete with steam engines, and 
they thus exhibit at a glance the main cause of 
failure in the earlier types of the electro-motive 
machine. Nevertheless, the great convenience 
attending the use of small moving powers, conveyed 
-through thin flexible conductors, may in many 
instances counterbalance the cost of working, and 
render miniature electro -motive apparatus, actuated 
by currents derived from the consumption of zinc, 
extremely useful. 

Moreover, the efficiency of the older forms of 
electro-motor was very small. It is doubtful 
■whether a return greater than 30 per cent, as 
mechanical force was available. 

The investigation of the mechanical equivalent 
of heat brought to light other facts than those 
which led to the conclusion that zinc motors must 
be fifty times as expensive in working as coal 
motors. It showed that every form of energy was 
convertible into every other form. Thus, since it 
is evident that we can never create energy of any 
kind, we must confine ourselves to converting one 
form into another form. In the case of electric 
energy being transformed iuto mechanical effect, 
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6 ELECTRO-MOTOBS. ^H 

the most direct and effective connecting link 
which has yet been discovered is magnetism, or 
magnetic attraction and repulsion. It arises from 
the nature of matter that there must he a sensible 
loss of energy in the process of conversion. This 
loss appears chiefly as heat in the case of electricity, 
and as heat it is dissipated in the air. From this 
consideration it is evident that in transmuting any 
form of energy potential into actual motion 
through the agency of electricity, the main 
consideration must be to reduce the loss in the 
process to the smallest possible amount — we seek, 
in short, to obtain the maximum of effect from 
the minimum of expenditure. 

Heat is convertible into electricity direct in 
small quantities, and we have thus a thermo- 
electric battery or converter, capable of furnishing 
a constant current, or, in other words, of converting 
a supply of heat into electricity direct. This 
current of electric energy is convertible into heat 
again, or into magnetism, thence to motive force 
through attraction and repulsion. 

The dissolution of zinc, when it does not evolve 
heat, usually gives rise to electricity. In the 
voltaic cell the potential energy of zinc is 
frequently converted into heat when the conditions 
for the existence of current electricity are not 
provided ; but as soon as the necessary conductive 
path is completed, a current of electricity flows, 
and the heat diminishes in direct proportion. In 
the electric circuit this current is convertible into 
a great many different forms of work. 

Mechanical energy or motion is in turn con- 
verted into electric energy and magnetism. Upon 
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this principle is based the dynamo-electric machine, 
by means of which any given moving force may 
be converted into an electric current with 
insignificant loss. This principle may be said to 
be at the root of the wonderful progress which has 
taken place within the past twelve years in the 
application of electricity to lighting, the propulsion 
of railway carriages, and other practical purposes. 
It has been said that heat is convertible directly 
into electricity. No method has yet been dis- 
■ covered by means of which this can be conveniently 
done on a large scale. But meantime the steam 
engine furnishes the most direct medium by which 
the potentiality of coal may be transmuted into 
electric currents. Other sources of motion are 
available, as the power of falling water and wind. 
The powerful currents thus obtained, at a cost 
of less than 10 per cent, of the prime energy lost 
in conversion, may, as above mentioned, he again 
transformed into motive power. It is not difficult 
to perceive that by these means motive power, in 
the shape of an electric current, may be trans- 
mitted from one point to another through a 
suitable conductor. Thus arises the gi'eat 
question of the transmission of power. From 
one central point motive power may be distributed 
to numerous surrounding electro -motors. Thus 
the numerous small steam engines used in towns 
may be replaced by electro-motors of any required 
power, demanding no attention, and perfectly safe. 
One stationary condensing compound engine may 
by these means be employed to distribute its 
energy to a large number of electro-motore, so 
that the energy supplied may actually cost much 
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less than the working of small steam engines ob 
the spot. 

Once the recently-developed dynamo-electric 
converters are regarded in this light there is 
scarcely a limit to the great facilities for utilising 
and transmitting motive power thus presented to 
the mind. Eminent authorities (Dr. C. W. 
Siemens, and others) have given it as tlieir opinion 
that 1,000 horse power might by these means be 
conveyed for a distance of thirty miles, in a copper 
conductor of comparative small diameter. 

The power of waterfalls may be utilised by 
means of this principle of transmission of power. 
Instances exist of dwelling-houses being suppUed 
with electric Hght at night, and power by day, 
by utilising waterfalls, k famiUar instance is 
presented in England, at Craigside, the residence 
of Sir "WiUiam Armstrong, near Newcastle. The 
following particulars of this example, kindly 
furnished by Sir "Vp'illiara Armstrong himself for 
this work, may be of interest : — 

A waterfall of six horse power exists at a 
distance of 1,500 yards from the residence. This 
is caused to actuate a turbine, whicli is connected 
by a belt to a dynamo-electric converter, capable 
of transmuting about five horse power into a 
cuiTent of electricity. The current thus obtained 
is conveyed by a suitable conductor, buried iu the 
ground, to the dwelhng -house, where it is 
transformed into light, about 40 Swan electric 
lamps being used for that purpose. By day, the 
current is turned into an electro-motor, in the 
form of a second dynamo-electric machine, at a 
distance of 800 yards from the waterfall, and this 
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electro-motor is used lu Lurmiig a circular saw, 
for orclmary wood-cutting purposes. The exact 
loss of energy ha3 not been ascertained, but Sir 
"William Armstrong believes "there is every 
prospect of obtaining from 40 to 50 per cent, of 
the prime mover," or about 2| horse power on the 
saw in the above example. 

In a similar manner, Dr. Siemens, F.R.S., 
utilises some dynamo -electric machines at his 
country seat near Tunbridge Wells. In this 
instance the primary power is derived from a steam 
engine, the waste steam of which is employed to 
warm the hothouses. During the night the 
primary machines are used in the production of 
two powerful electric lights, under the influence 
of which various fruits and plants are growing. 
During daylight the current from one of the 
machines is transmitted a distance of a quarter of 
a mile to the farm, when it is transformed into 
mechanical effect by means of an electro -motor, 
used to work the chaS-cutter and other machines. 
The current from the other machine is transmitted 
to the pumping-house, a distance of half a mile, 
and is then caused to pump the water required in 
the house, through an electro-motor, as in the 
former case. In this manner the fuel, which was 
formerly used in warming the hothouses, keeps 
the steam engine in motion, so that the actual 
extra cost for electric lighting and motive power 
is reduced to a minimum. 

At their telegraph works, at Charlton, Messrs. 
Siemens employ the transmission of power by 
electricity for working the apparatus used in the 
mechanical testing of the cables. They also 
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employ electro -motors for pumping, working 
cranes, hoists, and many other purposes. 

These are but one or two examples of private 
enterprise in this direction carried out in England. 
In France the principle is extensively used, and 
dynamo-electric machines have for some time been 
employed in that country for working ploughing 
machines. But the application of the electrical 
transmission to railways has advanced much more 
rapidly than its introduction for driving stationary 
machinery. There are now on the continent of 
Europe alone a large number of independent 
examples of this class, particulars of which are 
offered in another chapter of the work. 

As already hinted at, the application of the 
transmission of motive power will derive great 
advantages from the fact that, while large com- 
pound condensing steam engines may be made to 
develope the actual horae power with an expenditure 
of 3Jlb. of fuel per hour, very few small steam 
engines or locomotives will show a like result with 
an expenditure of Rib. or 7lb. of coal. Thus, in 
considering the practicability of employing the 
electric current to distribute motive power from a 
central station to numerous surrounding points, it 
would be possible, even with an efficiency of 
45 per cent, only in the distant motors, to produce 
power at those points much more economically 
than could be done by the use of separate steam 
engines. Danger, extra insurance rates, smoke, 
waste, and other inconveniences, not forgetting 
the wages of an atteodant, would be done away 
with. The power could be obtained as easily as 
we now obtain gas, by the turning of a handle. 
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One central station could by these means supply 
all the motive power required within a radius of 
a mile, at a cost per horse power developed, at the 
most distant point, of less than 5lb, of coal. 
In London, and elsewhere, the electric lighting 
companies possess special cables for the supply of 
power. 

The late denionstrations of the fact that electric 
energy can actually be stored or accumulated in 
suitable receivers have attracted a great deal of 
attention. In those instances it was shown that 
any quantity of electric energy might be accumu- 
lated in the secondary cells of Plante and Faure, 
and transported a thousand miles, to be reproduced 
as required. This is in itself a most important 
discovery, since not steam engines hut also thermo- 
electric and zinc generators may he employed to 
yield the energy. It bears another significance 
also. It is possible to set a weak generator of 
current to store away its strength for, say, 
twenty-four hours in the accumulator, and to 
draw from the accumulator, when required, the 
twenty-four houre' energy in- one hour, with, 
twenty-four times the force of the primary 
generator. In this respect the prime source may 
be represented as slowly winding up a powerful 
spring, the power from which may be taken off as 
sloivly aa it was conferred, or very rapidly, and in 
great force, as required. The accumulators or 
condensers of MM. Faure and Plante present the 
additional advantage that they are most cheaply 
fonstructed, since only lead and lead oxide are 
employed, and that there is no loss of material in 
the process of charging and discharging. The 
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accumulators may also be charged any number of 
times. 

This valuable adjunct to the dynamo -electric 
machine has given a considerable impetus to both 
electric lighting and the transmiesion of motive 
power, for by its aid any required quantity or 
force of electricity may he kept in readiness, and 
supplied, as we have observed, under any conditions 
required. By its aid motive power may be 
conveyed or carried; but the accmnulator is not 
hkely to be used to any considerable extent in this 
way, save for purposes of supplying small powers. 

Small moving powers may be produced by 
small currents, with considerable economy, more 
especially since late a*lvances have opened a way 
for the storing of the energy of small powers. 
A very large number of minor apphcations of 
electricity as motive power have already sprung 
into existence, and there is every prospect that 
the number will be considerably augmented. The 
great advances which have been effected within 
the past few years have not only resulted in 
greatly-improved converters of the potentiality of 
zinc into electricity, but have also placed at the 
service of employers of small powers a description 
of motive engine of almost perfect design and 
construction. These improved converters of 
electric into rdotive energy are applicable in 
principle and practice as the most miniature 
motors, such as electric drills for the use of 
dentists, up to engraving machines, and motors 
for fans, ventilators, punkas, hair-brushes, or 
sewing and knitting machines. It is now practic- 
able, at small expense, to actuate motors of this 
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description, either directly by the currents from 
zinc cells or by means of accumulated currents in 
secondary cells, in turn derived from zinc or steam 
power. 

It would appear that the electric light and the 
production of motive power should, to a great 
extent, go hand in hand. Many instances of the 
current for electric lighting being employed 
through the hours of dayhght for motive power 
have of late sp^^ng into existence. By these 
means, as some of the pioneers of electrical 
"progress have observed, the electric plant is 
utiUsed to the utmost, and its value propor- 
tionately increased. 




On the Dynamical Nature of Electric 
Currents. 

An impulse or disciiarge of electricity necessitates 
a transference or distribution of energy or work 
power. A current of electricity merely consists 
of a rapid and practically continuous recurrence 
of the simple impulse. 

A current of electricity, therefore, implies a 
continuous transference of energy from one point 
to another. It also necessitates the expenditure 
or conversion of a portion of the energy— that 
is, at the beginning of the current, energy must 
be expended, and this is followed by a continuous 
absorption of a portion of the energy by the 
conductor, from the surface of which it is 
dissipated in the form of heat. Hence, the 
conductor resists the motion of electric energy, and 
a portion of the energy is necessarily expended in 
overcoming this resistance. 

Unlike almost every other form of current from 
' which work may be obtained, the electric current 
is usually utilised by taking advantage of its 
inductive effects. In the case of steam, the 
expansive force is applied directly to the piston of 
I the engine. The same is done in the cases of 
I water, gas, and gunpowder, in their respectire 
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fields of application ; but in the case of electricity, 
as applied in the way of motive power, direct 
application of the current is useless. Motive 
power is obtained, as it were, indirectly, by causing 

the current to develope magnetic attraction in iron, 
the magnetic attractive force being applicable 
directly, as in the case of steam, to the moving 
parts of a machine. 

A conductor, in the form of a wire, carrying a 
current of electricity, becomes heated by reason of 
the energy dissipated in overcoming its resistance. 
If the conductor were placed in a position favour- 
able to the existence of inductive action, its 
temperature would be diminished in a degree 
proportionate to the amount of inductive action 
created. By coiling the current -bearing wire 
around a piece of iron, magnetic properties are 
developed in the iron, and the heat in the conductor 
is diminished in proportion to the work done by 
the magnetic attractive force. 

Electro-motive Force. — These terms, as applied 
iu test-books of electricity, refer entirely to the 
moving power of an electric impulse through a 
conductor. The tendency implied is also known 
as ttriiion, and in the older treatises as intensity. 
It must not be confounded with the power of 
electricity as applied to the moving of machinery. 
It eiguifies, essentially, the tendency of electric 
energy to move from one point to another. In 
aome respects it is analogous to water pressure, 
or "head" of water. A current of electricity is a 
transference of energy through a conductor under 
the influence of electro-motive force. Without 
potentiality or electro- motive force at the source 
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of electricity there coulii be no couveyauce or 
motiou of electricity. A great quantity of 
electricity given off by the source may fail to flow 
through a conductor, unless the source also 
developes a certain electro-motive force. There 
are currents of low tension flowing from electric 
sources of feeble electro- motive force. Such 
currents pass but feebly through conductors 
offering sensible resistance. There are also 
currents of high tension flowing from an electric 
source of considerable driving power or electro- 
motive force. These flow vigorously and rapidly 
through highly -resisting conductoi-s. 

Resistance of the Goitductor. — Electro-motive 
force is correlated with resistance, and is, under 
certain conditions, dependent for its existence 
upon resistance. There are no perfect conductors 
of electricity. Every metal used as a conductor 
offers a certain resistance to the passage through 
it of electricity. Resistance imphes that property 
of the conductor by reason of which it prevents 
more than a certain amount of work being done 
in a given time by a given electro-motive force. 
It has been said that the amount of the passing 
energy expended on overcoming resistance is 
manifested as heat. Electrical resistance must 
not, however, be confounded with mechanical 
resistance, although heat appears in both cases, 
"When water is forced through a pipe, the frictional 
resistance of the pipe is not constant. It varies 
with the quantity of water beiug forced through.' 
In the case of electrical conductors, the resistaufe 
is constant, whether the passing energy be large 
or small in amount. In consequence of this, the 
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calculation of electrical resistance is very easily 
carried out. 

It is found that with a conductor of a given 
resistance conveying a current, an amount of 
electrical energy proportional to the electro- 
motive force passes. Upon doubling the electro- 
motive force, the strength of the current is 
doubled, or twice the amount of energy passes. 
From this it is clear that, with a constant resist- 
ance, the current is directly proportional to the 
electro-motive force of the electric source. 

Conversely, keeping the electro-motive force 
constant, if the resistance be doubled, the current 
will be halved. Since the resistance depends 
upon the length of the conductor — the area being 
constant — the current will be inversely propor- 
tional to the length of the conductor. And since 
the resistance of conductors varies as the area, 
tlie same result may be attained by halving the 
area, which is exactly the same as doubling the 
length. In both cases the resistance is doubled. 
Again, the current is absorbed or retarded in 
proportion to the resistance of the conductor. 
The conductive power of the metallic path is 
inversely proportional to its resisting power. 
Hence, the more it resists the worse it conducts. 

Electro-motive force, current, and resistance 
depend upon each other. The magnitude of one 
affects the amount of the others, and conversely. 
It is of mucii importance, in relation to the 
electro-motive machine, to fully understand this, 
^e following formula may be employed in 
determining electro-motive forces, resistances, 
ftnd currents. They are dependent upon the 
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principles previously enunciated, aud are now 
generally known as Ohm's formulfe : — 

If we use C for current, E for electro-motive_ 
force, aud R for resistance, we find that I 
proportional to E divided by R — 



1 

now 

QOt JTe 



R 

This, of course, assumes that the electro -motive 
force and resistance are known iu relation to some 
unit of magnitude. 

When the electro-motive force and the cui'rent 
are known, resistance may he determined 
dividing the former by the latter — 



R = ^ 



I 

aoff" 



Units of electro-motive force, resistance, 
current have heeu determined by a committee 
appointed for that purpose hy the British Associ'; 
ation; but the absolute units so found are not 
used in practice. Multiples of them are, however, 
in common use. The unit of resistance is gener- 
ally known as the ohm, and some idea of its 
actual magnitude may be obtained from the 
consideration that 485 metres of pure copper wire, 
one millimetre in diameter, at 0° Centigrade, 
present a resistance of one ohm. About 6ft. of 
pure copper wire of No. SQ Birmingliam wire 
gauge also offers a resistance of one ohm. 

The generally -recognised unit of electro -motive 

force is kno'wn as the volt. It is from five to ten 

per cent, less than the force manifested by the 

common Daniell telegraph -battery cell. 

The unit of current or (Yiautity of electricity 

or work-power actuaWy ftoVm^ ftao'^^ 
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ductor is known as a weber,* An idea of its 
magnitude may be obtained from the consideration 
that a weber per second would flow in a circuit of 
one ohm resistance under an electro-motive force 
of one volt. Or, it may be assumed that a large 
Daniell cell would cause a weber per second to 
flow in a circuit of one ohm. 

According to Dr. Joule, the mechanical equiva- 
lent of a iveber current is '7ii5 foot-pounds per 
second, or 44'24 per minute. 

Conductors and Imulators. — The enormous 
resistance offered by most non-metallic substinces 
has caused them to be classed generally as non- 
conductors or insulators. All metals may be 
regarded as conductors of electricity, copper being 
universally employed for that purpose in the 
construction of dynamo-electric and electro- 
dynamic machines. Each body possesses a specific 
conductive power. For example, copper is a better 
conductor than iron, and silver a better conductor 
than copper. Silver is the best known conductor, 
hut is too expensive to be generally used. 
Eegarding the conductivity of silver as 100, 
copper may be taken as equal to 77'4, according 
to Wiedmann. Iron stands at 14-4, which places 
it out of the category of conductors for this class 
of apparatus, 

"Wires of copper used for electro-magnetic 
purposes are always insulated by ijeing covered 
,-T/rith some non-conducting substance, such as silk, 
eotton, hemp, or guttapercha, the latter forming 
the most efficient insulator. 
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Source of Electricity for Experimental Purposes, 
For purposes of experiment, or testing upon a 
small scale, the most convenient source of current 
consists of a voltaic cell or battery. The action 
of a single cell, of simple construction, will suffice 
to demonstrate practically the chief properties of 
the electric current. 

When a pair of plates, zinc and copper, are 
placed separately in a vessel of acidulated water, 
no electrical manifestations occur. If, however, 
the upper edges of the plates be touched together, 
a ciirreut is immediately developed between and 
through the plates. This current is generally 
assumed to arise at the surface of the zinc plate, 
which, therefore, begins to dissolve. The current 
passes through the exciting hquid to the copper 
plate, by which it is conducted back to the zinc 
plate across the junction between them. 

It is more convenient, and is generally indis- 
pensable, to fix a wire to the free extremity of 
each plate. It is also advisable to coat the zinc 
plate with mercury (amalgamation). The moving 
energy known as electrical current is assumed to 
aiise, as before mentioned, at the zinc or dissolving 
plate. This movement takes place under the 
impelling agency of electro-motive force. The 
magnitude of the force, or, in other words, the 
tension of the cell, depends upon the ratio of 
chemical affinity bet\veen the acidulated liquid and 
the zinc and copper plates. The electro-motive 
force may thus be rcgai'ded as the result of the 
specific energy set free by the chemical combination 
of oxygen and zinc — a kind of furnace, in fact — ^less 
the counter electro-motive force of the copperplate. 
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The current, or quantity, of electricity a voltaic 
sell can yield tlepends npon the total resistance to 
be overcome. It will be equal to the quotient of 
the electro-motive force divided by the resistance. 

Circuit. — It is absolutely necessary that the free 
Extremities of the plates in the cell should he 
Bonnected together, either directly or by means of 
a. conductor, before any manifestation of electricity 
IB yielded. This necessitates the moving of the 
Energy in a circuit. If there should occur a break 
ftf conductive continuity, however minute, at any 
part of the circuit, all electrical phenomena will 
Bease, and the action of the generating cell will 
he suspended. We must, in fact, provide a con- 
ducting circuit. 

Electric Poles. — These terms arc applied to the 
extremities of the voltaic plates, or to tlie extre- 
mities or wires of any source of electricity. In 
the case of a voltaic cell, the wire attached to the 
copper plate is known as the positive pole, since it 
conducts the current from the combination. The 
frire attached to the zinc plate is known as the 
negative pole, since it receives or conducts back the 
eurrent. The same terms are applied, whether 
the poles be those of a single cell, a battery of 
Bells, or a dynamo-electric machine. The positive 
^le is always that from which the current is 
assumed to issue. This determines the direction 
W which the current moves in the circuit. The 
liegative pole is always that by which the current 
18 assumed to return to the generator. The sign 
-f is conventionally used to indicate the positive 
^ole, and the sign — to indicate the negative 
pole. 
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In the voltaic cell itself the plates are termed 
positive ami negative in relation to each other. 
The actiA-e plate (zinc) is known as positive, the 
passive plate (copper) being negative. 

The term poles is also used in speaking of the 
extremities of a piece of magnetised steel or iron. 
The terms positive and negative are not, however, 
generally employed to indicate particular extremi- 
ties of magnets. North pole and south pole are 
much more common, with reference to the geogra- 
phical position assumed by a bar magnet when 
free to rotate, 

Asceiiaimng the Direction of an Electrical Current. 
"When the poles of an electric source are connected 
together by a wire, a current is set up in a parti- 
cular direction through the wire. It is assumed 
to flow from the electrically-positive to the 
electrically-negative pole. There is no easy and 
generally-applicable means of distinguishing the 
poles, save by means of a magnetic needle, which 
deflects in a particular direction, previously deter- 
mined, when a current passes parallel to it. If 
the conducting wire be cut, and the two poles 
dipped for a moment in a solution of sulphate of 
copper, the positive pole will commence to dissolve, 
and the negative extremity will receive a coating 
of copper. This of itself, a most simple experi- 
ment, is sufficient evidence that the current is 
moving in a particular direction, and the nature 
of the result indicates almost conclusively that the 
current flows from the positive to the negative 
pole. 

Illustrations of tlie Dynamical Effects of Electric 
Currents. — When the poles of an electric source 
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are connected together by means of a long, insu- 
lated wire, a resisting medium for the flow of the 
current has been provided. The energy of the 
current will in this case be chiefly expended in 
heating the total resistance in circuit — that is, 
the whole circuit, through generator and inter- 
polar resistance, will be raised iu temperature. 
But it will be particulai-ly observed that the 
interpolar is not the only resistance. A certain 
resistance is offered by the portion of the circuit 
through the generator itself. This is generally 
known as the internal resistance of the som-ce. 
Jn the case of a voltaic battery, it is due chiefly 
to the indifferently -conductive qualities of the 
exciting liquid. In machines it is cliiefly due to 
the wire coils. When no work is being done by 
the current th.e whole energy produced is expended 
in heating the circuit. 

As an example of the effects above mentioned, 
it may be obseiTed that a powerful voltaic battery 
or dynamo-electric machine, when allowed to work 
upon short circuit, frequently makes the inter- 
polar wire red hot, and bums the insulating 
material. In cases where the current is strong 
enough the conductor is melted. When, however, 
work, of any of the kinds about to be spoken of, is 
put into the circuit, the temperature falls, and the 
energy is diverted. Hence, it is comparatively 
easy to obtain proof of the general statement, 
that the energy of an electj-ical current is convei-tible 
into lieat. In fact, the mechanical equivalent of 
the available electric energy in circuit may be 
determined by means of the heat produced. If 
the interpolar wire be coiled up and immersed iu 
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one pound of water, the temperature of the latter 
will be raised, and each degree (I".} of heat so 
obtained may be regarded as equal to 772 foot- 
pounds of energy. These figures are derived 
from the determinations of Dr. Joule. Experi- 
ment shows the heat developed to he proportional 
to the squares of the current strengths, and also 
to the resistance offered by the wire. 

Induction. — Tlie greater portion of the following 
examples of the dynamical and inductive effects of 
the current may be produced by the aid of a small 
generator of the voltaic type, or the simple 
apparatus already mentioned. 

Induction is a term applied to a property of a 
current which tends to give rise to other currents 
or to magnetism. Under certain conditions, a 
current tends to set up an opposing or reverse 
current in a neighbouring closed circuit.. In doing 
so, the primary current parts with a portion of its 
energy. In the case of two circuits laid side" by 
side, when a current commences to flow in one, it 
will induce au inverse current in the other. But 
this induced current is only momentary. It ceases 
as soon as the primary current is fully establislied. 
It does not flow cnntinuousiy, like the primary 
current. If the primary current be stopped, a 
direct induced current in the secondary wire will 
mark the change. Any change in the condition 
of the primary current will affect the secondary, 
by setting up a current in it. If the primary 
current wire be approached, an inverse current 
will flow in the secondary; if it be withdrawn, a 
direct current will be produced. All of these 
currents are but momentary, or they exist only as 
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long as the primary wire or current is UBdergoiug 
some change. No induce*! current is produced by 
a continuously- flowing primary current in a wire 
at rest, when the secondary wire is at rest also. 

These peculiar effects are most conveniently 
observed by coiling up the primary wire, and 
causing it to pass into a helix, made by coiling up 
the secondary, the extremities of which should be 
attached to a galvanometer, to enable the induced 
currents to manifest themselves. 

Energy is, of coursej given up by the primary 
current at starting and cessation. Whether this 
of energy is proportional to the amount 
appearing in the secondary wire depends upon 
the nearness of the conductors and upon other 
conditions. 

Production of MecJianical Motion. — When a 
magnetised needle, free to rotate, is brought near 
and parallel to a current-bearing wire, it is 
deflected to a position tending across, or at right 
angles to, the wire. The same effect takes place 
if the needle and wire be placed in the magnetic 
meridian, N. and S., and the current then passed. 
The extent of deflection from the magnetic 
meridian depends upon the strength of the 
current. The ratio of deflection to the strength 
of the current is nearly as the tangents of the 
angles produced. 

Upon this important principle galvanometcrsy for 
ascertaining the strengths of currents, are con- 
structed. When the circuit wire is coiled several 
times around the needle, so as to yet allow the 
latter freedom to rotate, the directive force of the 
current is increased nearly as the number of tnnis. 
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Magneticlnduction.— Electro-Magnetism. — If the 
current-bearing wire be coiled in a helix around a 
piece of soft iron, magnetism will immediately be 
produced in the iron. It will become a magnet, and 
will act exactly as a natural or permanent magnet. 
Its niagnetisDi is not, however, permanent. It 
vanishes upon the withdrawal of the current. 
It can be instantly recalled by restoring the 
current. In this manner the bar may be magne- 
tised and demagnetised as often as required, and 
with extreme rapidity. 

This property appears to belong almost exclu- 
sively to soft iron, for when cast iron, or even soft 
steel, is used, a great portion of the induced mag- 
netism is retained for some time, and some of it 
permanently. In this manner, when hard steel 
is magnetised by the current, about 90 per cent, 
of the induced magnetism is permanently retained. 
It is noteworthy, however, that, as the iron or 
steel increases in hardness, less and less mag- 
netism is produced by a given current. A magnetic 
force of 100 in pure Swedish iron could not by an 
equal current (the current strength being mode- 
rate) be imparted to cast iron or steel. For cast 
iron the magnetism induced might manifest a 
force of 70, and for hard cast steel probably not 
more than 50. 

It is provided, in the above statement, that the 
current strength is assumed to be moderate, a 
provision which calls for further explanation. 
There is a limit to the intensity of the magnetic 
polarity which may be imparted to iron and steel. 
When an iron bar is subjected to the inductive 

fluence of a powerful current, it becomes what 
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is known as saUirated, and cauiiot be magnetised 
to a greater extent, whether the current be made 
stronger or not. The saturated stage varies 
greatly with the material. No increase in the 
power of the current can be made to carry the 
magnetising process further. Hence, as above 
stated, if an abnormally strong current were 
used, both iron and steel would become saturated, 
but the steel would require the larger expenditure 
of energy to accomplish this. 

A certain expenditure of time is also essential 
in the process of magnetisation. The time also 
varies with the material. Very soft iron may be 
fully magnetised in so short a time that the 
change may be regaided as instantaneous. In 
the case of hard iron and steel, a sensible time 
must elapse before the fully magnetised condition 
is attained. The time required also varies with 
the strength of the current employed. A power- 
ful current will magnetise even hiu'd steel in 
a fraction oi a second ; but the usual current 
strength employed for the purpose does not 
induce the fully magnetised condition in hai'd 
steel in less than one second. 

The time necessary to effect complete self- 
demagnetisation does not appear to bear any 
known ratio to the time expended in magnetisation. 
Very soft iron can be magnetised instantaneously, 
and the self-demagnetisation is also practically 
instantaneous. Hard iron and steel may be 
magnetised almost as rapidly, but the process 
of demagnetisation is very slow in the case of 
hard iron ; and for hard steel demagnetisation 
may never take place. 
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When soft iron is magnetised by the carrent, 
a portion of the energy is expended in the process. 
This energy is stored upon the molecules of the 
iron, and when the current is suspended it is 
returned in the form of an inverse induced current 
in the conducting helix. In the case of hard 
steel, the energy so stored upon the moleiiules is 
retained, and is known as permanent magnetism. 
Hence the inverse induced current is but feeble 
wheu hard steel is treated. 

It should be particulai-ly noted that a per- 
manent or electro- magnet possesses practically no 
energy of its own. It consists of a mass of steel or 
iron in which the molecules are assumed to be 
arranged in a peeuliai' manner, known as polarity. 
It is not, aa is frequently erroneously assumed, a 
magazine of force. It can only give up at most 
what has been imparted to it, and in attracting an 
armature it exhausts its energy. Its power is 
restored by forcibly withdrawing the armature. 

Wtieu a bar of soft iron is rapidly magnetised 
and demagnetised, under the influence of an 
intermittent current of considerable strength, a 
great portion of the energy so expended appears 
in the bar and exciting coil as heat. This is more 
easily observed if the bar be subjected to reversing 
currents rapidly following each other. Rapid 
reversals of magnetic polarity therefore give rise 
to heat. A practical example of this property 
may be observed in some forms of dynamo -electric 
machhie, where the revolving armature is subjected 
to rapid reversals of polarity. In many cases the 
armatures have become so hot as to burn away 
the insulating covering of the wires. Some of 
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these mncliines are artificially cooled to dissipate 
the heat generated in working. In other forms 
of macliine, when a great many reversals take 
place during each revolution, as in the Siemens 
reversing machine, the iron cores are entirely 
dispensed with, induction in the wire coils only 
being depended upon. 

The property of soft iron to rapidly absorb and 
release charges of magnetic energy is largely 
taken advantage of in every useful form of 




dynamo- electric and electro-dynamic machine. 
This principle is frequently taken advantage of 
in scientific and telegraphic apparatus, in the 
construction of a most simple form of electro- 
motor, which may be devised as follows : A bar of 
soft iron a (Fig. 1) is mounted upon a stand. 
Around the bar are coiled two or three layers of 
hisulated copper wire. Opposite one end of the 
bar is also mounted an iron ball or armature i, 
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attached to au upright spring. Behind the arm^ 
ature is an adjustable contact or regulating screw 
Cy working through a metaihc pillar. One 
extremity of the electro-magnetic coil is attached 
to the armature spring, the other leads to one pole 
of the exciting cell supplying the current. The 
reverse pole of the cell is attached to the screw 
pillar, and the ai-rangenient is complete. 

The action of this arrangement is simple and 
instructive. As soon as the current passes, the 
electro-magnetic bar is excited, and attracts the 
armature towards it. But this movement, by 
pulling the spring away from the contact-screw, 
breaks the circuit, and the bar becomes de- 
magnetised by the cessation of the current. It 
therefore releases the armature, which falls hack 
to its former position, again completing the 
circuit. By these means the armatui'e is kept 
vibrating with great rapidity. 

By means of this device, motion might be 
obtained by attaching a rod and crank to the 
pendulum spring or armature. If the electro- 
magnetic bar were curved to a U form, so as to 
bring both poles to bear upon the armature, 
greater force would he obtained. This device is 
employetl for interrupting the circuit in induction 
and other apparatus. The armature may also be 
used as a hell-hammer d, striking the bell at each 
. vibration. The arrangement is used extensively 
in electric belk. 

, Since it is found that au increase in the 
number of turns taken by the current-bearing 
wire around a magnetic needle increases the 
detlective force almost in proix)rtiou, it is 
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clear that by incresising the turns of the helix 
around electro -magnetic bars the magnetic force 
induced will be increased. Heuce, when the 
current is of moderate strength, and the iron bar 
of moderate dimensions, the magnetism conferred 
upon its molecules is in proportion to the strength 
of the current and the nurrJier of turns in ilie exciting 
coil. It is also found that, under favourable 
conditions, the weight which the magnet sustains 
is in proportion to the squares of the current 
strength. This mle assumes that the saturated 
condition has not been attained. 

The forms which may be given to electro- 
magnets are exceedingly numerous. Tubes, 
bundles of wires, bars, or plates may be used for 
cores. The enveloping wire may Ije fine or 
thick, according to the electro-motive force and 
internal resistance of the electric source. This 
portion of the subject wiH be found treated at 
greater length in the succeeding chapter. 

Production of Magneto-electric Cwrents. — The 
production of electric currents by the inductive 
influence of magnets is so closely allied to the 
production of magnetism by currents that it 
aeserves the closest attention. 

"When a magnetised steel bar is quickly passed 
within a wire helix or solenoid, forming a closed 
circuit, a rapid rush of current denotes the induc- 
tive effect which takes place. The mere fact that 
a current is induced may be rendered apparent by 
placing in the circuit a sensitive galvanometer. 
If the magnet be withdra\vn from the solenoid, 
a similar, but inverse, current will indicate the 
movement. These currents are only momentary. 
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They exist only while the miignet is iu motifni' 
relatively to the solenoid. Work or energy is 
expended in both instances. This expended energy 
is transformed into an electric current. There- 
fore, it is less difficult to move the magnet in the 
coil when the circuit is incomplete than when it is 
complete. Since the current does no exteraal 
work, it may be assumed that in this case it is 
expended on the resistance of tlie conductor, and 
appears as heat. 

As may be inferred, the number of turns taken 
by the conductor in forming the solenoid has a 
great influence upon the electro -raoti\re force of 
the induced current. Tlie electro-motive force 
increases up to a certain point almost directly as 
the number of turns in the coil. 

In the construction of appai'atus for generating 
magneto -electric currents, the arrangement de- 
scribed above is seldom employed. If a permanent 
magnet be brought near to a piece of soft iron, 
the latter instantly becomes a magnet also by 
induction. The magnetic polarity will be the 
reverse of that of the steel magnet. Of course, 
the same takes place if an electro-magnet be used 
in place of a permanent magnet. 

Since a permanent or electro -mag net oaa- 
induce magnetism in soft iron, it follows, front' 
the electro -magnetic laws already enunciated, that 
upon withdrawing the inducing magnet all efEeet 
upon the soft iron ceases. If the soft iron were 
placed within a helix, with closed circuit, it would 
be found that an electric impulse in the wire 
would mark each magnetisation and demagnetisa- 
tion. These impulses wou\i\ie te\ei?,e,d.tQ eacb- 
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•tiler, and they would only exist dnring the time 
>ceupied in magnetising or demagnetising. In 
khis respect they would resemble induction currents 
created by other means. 

It is of little or no consequence by what means 
the soft iron magnet or armature is moved in 
relation to the inducing magnet. It may be made 
to approach towards and withdraw from it in a 
■Straight Une, or the poles of one may be rotated 
Hear to the poles of the other. A series of 
electric impulses would thus be caused to flow in 
opposite directions in the induced circuit. 
^ Upon this principle the action of several 

[enious magneto-electric machines is based. 

.ey all consist of devices for taking advantage of 
■ne inductive property of magnetism in soft iroa 
"Matures upon which wire is coiled. Following 
*ie law that the electro-motive force developed is 
•o a certain extent dependent upon the number of 
Convolutions described by the conductor around 
^e armature, it follows that, in this class of 
^paratus, the longer the wire the greater the 
*Tectro-motive force developed. 

It shoidd he cleaidy understood, however, that 
['he inductive influence of a magnetised armature 
* only exercised within narrow limits of space, so 
what, as the number of turns of wire required 
becomes greater, finer wire must he used, other- 
^''iae power will be lost by the resistance of 
'Convolutions outside of the influence of the 
^Jiagnetised core. The current or quantity 
becomes increasingly smaller as the wire becomes 
finer, and as the length is increased, but the 
electro-motive force increases. 
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Machines based upon these principles have 
within the last fourteen years been brought to a 
wonderful degree of perfection, the curreuts 
developed by the larger machines, driven by steam, 
being so piwerful as to yield numerous centres of 
electric light, and to fuse up considerable lengths 
of thick steel bar. 

It will be particularly obsei-ved that electro^ 
magnetic and magneto -electric phenomena are 
almost perfectly the converse of each other. 
Most of the magnetic effects produced in soft 
iron by an electric current have, conversely, a 
striking analogy in the production of currents by 
magnets. In the first case, an increased length 
of wire in the coU, while it augments the influence 
of the current, calls, by reason of its increased 
resistance, for higher electro-motive force to 
maintain the current. In the second case, tlie 
electro-motive force increases with the length of 
wire — one effect being thus the converse of the 
other, 

Magnetic Tension and Electro-Tnotive Force. — In 
the case of moving and inducing a perraaneiit 
magnet near to a soft iron armature or inductor, 
as exemplified above, the electro-motive force 
developed in the wire coil will depend not only 
upon the number of turns described by the wire, 
but upon the intensity of the magnetic field set 
up, and upon the velocity of movement. "With a 
given number of turns in the coil, and a given 
velocity of the armature, the electro -motive force 
developed may be varied by varying the intensity 
of the magnetic field through which the armature 
moves. Hence, it is of great importance, since 
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the magnetic intensity decreases as the square of 
the distance increases, to cause the opposed polar 
faces to pass as near to each other as possible 
without actual contact. Again, ^vith a given 
number of turns in the wire coil, and a given 
magnetic field, the electro -motive force may be 
varied by varying the velocity of rotation. 
Experiment does not appear to show that there 
exists any constant ratio between the velocity and 
the electro -motive force developed. The force 
increases, as a rule, more rapidly than the 
velocity, up to a certain point, dependent upon 
the magnetic field and the purity and softness of 
the iron. 

Internal Besistaiice of Magneto-electric Inductors. 
The resistance of the wire coiled upon the soft 
iron armatui'e may be regarded as interaal 
resistance, in the light uf the internal resistance 
of a voltaic cell, as previously spoken of. It is 
essential that the machine should have a coil of 
many turns, so as to develope considerable electro- 
motive force (this involves considerable internal 
resistance), to yield a sensible current through an 
interpolar resistance of any considerable magni- 
tude. 
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Electrical Measurements. 



In the preuediiiy i4iapter the various coiTelated 
laws and properties of cmTeiits and magnetian 
were spoken of. It is noiv proposed to show how 
electrical magnitudes — as electro -motive force, car- 
vent, and resistance — may be dealt with in practice, 
so as to confer upon the terms cun'knt and resistance 
some definite meaniug, and to biing tliem, asfar as 
piTu;ticable, under a system of measurement. It 
may, indeed, be generally assumed tliat a system of 
measurement dealing with electrical magnitudes is 
almost as indispensable to the student of electro- 
dynamii's as a system of measm-ements hymecha- 
nical dimensions can be to the mechanical engineer. 
Tlie practical man must genei"aUy know how much 
ciurent, how much resistance, or he knows nothing. 
Tliere ai'e sevenil difficulties in the way of a 
generally apphcable system of measiu'ement Eidapted 
for powerful cuiTeuts, such as are yielded by 
dynamo -electric machines. Smaller cmTents, as 
tliose fi-om voltaic batteries, are compai'atively eaaly 
dealt mth. In the raeasiuinent of reastance the 
difficulties are also compai'atively easy to overcome. 
As an aid in this branch, a table, giving a list of 
electrical wires of vaiious gauges, nitli their respec- 
tive resistances in feet per ohm is given at p. 61. 
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iTistrumenis Used in MeasuremeTit. — The most 
impoilant iiistnimeiit in general use for measuring 
electrical mafiuitudes is the galvanometer, tlie prin- 
ciple of Avhich has alieady been explained. Tlie 
tangent galvanometer is almost tlie only fonn of 
the many varieties in use which may be employed 
mth advantage in measuring jTOwej-ful cuiTents. 

Coraraun galvanometei-s, with long nee<lles, cannot 

be depended upon. Tliey sei've very well, howevei', 

as detectoi-s of cun-ents, and for cumpiirisuus in ti 

certain degree. When tlie needle is very short, and 

the exciting coU veiy hu-ge, the deflections have a 

definite value in reLition to each othei". The oi"di- 

nary form of tlie tangent galvanometer consists of a 

hoop of copper, frequently twelve inches in diameter, 

so aiTanged that the cuiTent may he passed ai-oimd 

it. The needle is free to rotate on a pivot in tlie 

centre of tlie hoop. It may he assumed that, when 

tlius arrangetl, the motions of ttie needle will not 

altei" its position relatively to the disturbing iwwei- 

I of the ring. When thus airanged the tangents of 

I the angles to which the needle is deflected hy the cur- 

I rents are proportional to the cwrents causing the 

' deflections. 

In tliis manner tlie tangent galvanometer may be 
employed to measm'e a cmxent under different con- 
ditions, through vaiying resistances, and witli vai^mg 
electro-motive force. It may Ukewise be used to 
compai'e currents togetlier, or to compai'e cuiTents 
with some recognised standard of deflection. A good 
deal of practical work may he done in this way 
■without refei'ence to units. When it is required tx) 
measui'e currents in tenus of the electrical unit, it 
^ is advisable to ascertain the deflection value of i 
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imit current, iiiul to jiidicjite llie point as a fidumi 
uiaik ujKm tJie giTiduateil dial. 

Oback's Tangent Galvanometer. — Amoi^ the 
many new electrical instnuuents exhibited by Messrs. 
Siemens at the Paris Electrical Exliibition of 1881 
was Obach's tangent galvanometer, sjjecially dEvised 
and conatnieted for the measurement of veiy jwwer- 
hil cuiTents, as used on electric milways, elettric 
light and other circuits. 

Li some respects the iiistnunent is similar to the 
<-ommon tangent galvanometer. Tlie ring throTijfh 
which the cmxeiit passes is movable ai-ound ita 
horizontal diameter lying in magnetic nieridiiiB. 
The inclinatidu of the ring to the lifirizontal plaae 
is read off on a vertical scale. With a constant 
strength of cun'ent, tlie force with which the 
niagnetic needle in the centre of the ling is deflected 
from the meridian is propnilioual to the sine of 
the angle which the pliine of the ruig encloses with 
the horizontal plane. Instead of measiu-ing the 
angle between the ring and the horizontal plane, 
tlie angle wliieli the ring makes ^vith the vei'tieal 
plane could also be tjiken, hut in this case the cosine 
of the observed angle would he employed in place 
of the sine. In this instnmient the angle ot the 
ling with the horizontal plane is read off, as the 
natimil values of the sine ai'e more frequently given 
in tables than those of the cosine, and can be used 
without further trouble. In the engraving (Fig. 2) 
a, perspective view is given, showing the ring in an 
inchned position. 

From a base G, providefl with three levelling 
screws, rises a stout brass column S. Tlie bottom, 
tills column is foimed of a squai'e lilock, cut oi 
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<iiie siile in tlie sliape of a 3^ ii"'l made sti'oug 
enough to insure it against bending. Tiie column 
Ran be timierl on its axis in oi-der to place the instni- 
inent in the magnetic mendian. The si^ew S' holds 
it fii-mly in its pliu-e. On the top of the column is 
a eb'cular brass box N, about 8in, in diameter and 




I If in- high. Conical aims P P' are screwed to 
' opposite sides of the box, and sene to support the 
I ring R. This ring is uiade of giui-raetal, containing 
a high percentage of copper. The dimensions ai'e 
llfin. inner rhameter, about ^in. thick, and lin. 
' broad, so that the ring offer's an exceedingly small 
resistance to the cun-ent. At P the ring is cut 
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through. On the outer face and at each side of t^ 
opeiung a semicu-culai- piece of f^n-metal, with 
clamp screws K K', is fixed. On the inner face of 
the ring the opening is bridged over by a strong 
piece of ebonite H, in which a brass bush is inserted 
to receive the pivot on the arm P. The pivot on 
the aiun P projects somewhat beyond the ring E, 
and is insulated therefrom by an ebonite collar, over 
which is placed a brass coUai- for the ring to turn 
on. On this projecting pivot the quadrant Q^Q is 
placed, and held firmly by a pin. This quadrant is 
divided into degrees, and the angles, tlie sines of 
which (for radius^^l) correspond to tlie values 
0-1, 0*2, 0'3 , . . 1-0, ai'e shown on the same 
scale by longer marks. Fixed to the ring R, and 
insulated therefrom, is a brass ana, carrying at its 
end a vernier, which moves over the quadi'out Q. 
The screw S" clamps botli veraier and ring. The 
latter at its extreme vertical position is arrested by 
a screw D, sliown in the lower pai-t of the column, 
and by anothei' screw D^, when in the horizontal 
position. On loosening the screws Q the vernier 
can be shifted a little, so that when tlie zero adjust- 
ment of the nng is first made the reqmi-ed agree- 
ment between the divisions on the veiruier and 
quadrant can be obtained. This adjustment is 
made by sending as strong a current as possible in 
alternate directions through the rmg and then bring- 
ing the latter by alteration of the screw D^ into 
such a position tliat uo deflection of the needle takes 
place. When this is the case, the vernier is set to 
zero. "Within the circular box N, .ind at about 
half its height, is the dial cii-cle dividetl into degrees 
of sufficient size to enable a tenth to be easily 
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mated. Tlie length of the magnet (representing the 
magnetic needle) is only cme-flfteentli tlie diameter 
of the ling. It carries an almniniiun ^winter, and 
is fixed to au axis, which is worked to a fine point 
at each end. On the circle dial, in an exact line 
thi'ough the beanugs of tlie ring, is sti-ewed a light 
brass frame, having aii i^jat« bearing in the centi'e, 
and beneatli it, in the middle of tlie box, is a second 
jewel or agate beaiing. In these beaiings the axis 
of tlie magnet plays. A screw undemeath the bi-ass 
box, acting on a brass spring, stops the movement 
of the needle. A small spiiit-level is fixal iu tlie 
box, so tliat the galvanometer may be accurately 
levelled. The cm-rent to be measm-ed is led to the 
ling by means of two thick insulated copper wb'es 
li^ L, which are wound together for a distance of 
about three feet, in order to obviate the possibility 
of the cmrent in the wires themselves deflecting the 
needle. The extremities of the wires aie connected 
to the clamp screws K K'. If greater acem-acy is 
required it is advisable to take readings on botli 
ades of the zero position, viz., to change'tlie direc- 
tion of the cuneut in the instniment by means of a 
suitable couimutator. 

The following tla-ee cases Ulusti-ate the various 
methods of measuiing cun-ents witii this galvano- 
metei' : — 

1. CurreotB of differait strength, Ij, I^, I^, , . . aent 
tlirougb the ring at the »am^ iuclinatioD i/>, showing deflections 

«i. "2. "3' e>'s~ 

I, : 1, : I,, . . . = tan. ft, : tan. n.j : tan, o, . . . 
vie., the law of the tangent holds also for the inclined ring, 

2. The same current I sent through the ring at different 
angleaof inclination i/i], 1^2, </)3 . . . gives — 

TTsu. «! : tan. a, ; ton. a, ... — Bin. ^ , : sin. tp , em. ^ , . . . 
Tan.o, _ tan.a, __ tnn. a^ _ _ . . 
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The taiigeuts of the deflections ai-e therefore ia ^ 
the same proportion fia the sines of the inL^litiationa; 
ur, in other words, the tangents of tlie deflections 
ilivideil by the sines of the coiTesponthng inclinations 
give for the same strength of current a constant 
value. 

3. For different currenta I, : I^. : 1,1 . . . sent through the 
ring at inclinatirma 6,, <^", ^:i . . . giving the same deflec- 
tion ([ (say of 45 deg.) we Mve— 



and the instrument thus used acts as a ccaecurU galvauometer. 




L 



ShtaUs Bxe small resistance coils supplied ' 
galvanometers for the purpose of varying then* 
sensibihty. The shunts usually have resistances of 
Hh, oVth, and Ath of tJie galvanometer coil Itsdf. 
Tlierefore ^irth, yioth, or lAnsth of the whole corrfflit 
may be sent through the galvanometer (Fig. 3). In 
the measurement of large currents, as those from 
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ilyiiiimo-electnc macliiiies, a sliunt (if siirli resistance 
iis will biiiig the deflectinu to 45 defjrees is usually 
employed. Althoiigli there is considerable liability 
to error in the use of shunts, yet the simplicity of 
the tfiiigeut |,falvHuoineter hfis nuu-li to ret'oramend 
it when fompiirefl with the electrometers, potentio- 
meters, electi'o-dyufuiioinetei's, frequently used for 
ineftsuiinfi powerful currents. Morei>ver, the cou- 
stnictioii and use of these instniments do not come 
within the scope of the present treatise. Tlie " 
instnmients are made by Messrs. Siemens, of 
W'^estminster, and otlier electricians. 

Besistance Coils and the Bheostat ai'e used for 
(■ompaiinf,', and so measuriurr resistance. Resistance 
(■(ills are usually of' fiue Gennan-silver wire in 
lengths ef|ual to kno^vn und stated numbere of olims. 
They are generally arranged in a case, as sets, with 
roBuet^oufi, so that any reiinired resistance may be 
thi'own into or withdrawn from a cu'cuit. Tlie 
rlieostat is also a resistance instmment, chiefly 
useful for intro<luciug and witlidrawing small re- 
astances. These iiistniments are generally used in 
reastance measurement, in conjunction mth a gal- 
Tanometer and a current from a cell or two of a 
voltaic battery. 

Measurements of 'Resistances. — Cases freijuently 
arise when the onlinary calculations of resistances. 
reckoning by length and size of wire, are entu'ely 
inapplicable. In such instances it becomes nei^essaiy, 
when a resistance should be known, to employ some 
metliod of measurement. Calculation is also inferior 
to measurement in point of accuracy, since the con- 
ducting metals used vaiy in different sanijiles, often 
to the extent of 20 to 50 per cent. 
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Perhaps the most useful som*ce of the smtJl 
cuiTent uecessai'y in deteriumiug reastances is the 
Daniell cell previously ineutionetl. It cdusists of 
a cylinder of copper, pluuged in a suitable vessel 
containing a solution of sulphate of copper. 'Within 
the copper cyhnder is placed a naiTow unglazed or 
porous cell, containing a rod of zinc iu acidulated 
water. The zinc rod should be coated with mer- 
cury, to prevent local action, and wii'es should lead 
from both metals for pui-poses of connection. The 
electro-motive force of this cell is 1-079 volt, in terms 
of the unit. If the iutemal resistance of this cell 
were small, it would he capable of yielding a current 
of one weber, but the internal resistance is usaaKy 
as great as two or three ohms. A cell of this kind, 
constmcted so as to fill a jai- capable of eontaimi^ 
a gallon of hquid, would probably yield in a small 
resistance a weber cun-ent. 

The internal resistance of the voltaic cell once 
known, greatly simplifies the process of measuring 
fl resistance by the galvanometer metliod. In ordei' 
to ascei"tain the internal resistance of the Daniell 
cell, produce a deflection ou the tangent galvano- 
meter. (For small cun-ents, tangent galvauometei's 
are genemlly provided with a long thin wii-e coil.) 
Insert in tlie circuit such knomi resistance as will 
bring the needle to a convenient angle. Note this 
deflection, and add fmther resistance until the angle 
of deflection is reduced in value to exactly one -half, 
calculating by the tangents. Tliis doubles the 
i-esistance, and the added resistance (the latter ad- 
dition) is equal to that of the cell, less, of course, 
the galvanometer and the firet added resistance. 
Tlie galvanometer resistjmce should be either equal 
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to nothing, or, if measmnble, known, and subti'acted 
fi'om tlie result. 

In like manner, tlie total resistance of any circuit 
may be detemaiual by inserting in it a voltaic cell 
of known internal resistance. By producing a de- 
flection in the circuit to be measui"etl, notiug it, and 
adding known resistance in ohms, uutil the cuiTent 
indicated by the galvanometei' is exactly halved, 
it is cleai' that the number of added ohms is equal 
to the resistance previously in the cii'cuit, less the 
cell. The simplicity of this method is based upon 
the law tliat the cuiTent strength is inyei-sely pro- 
poitional to the resistance- 

By the aid of the wu'e table, given at p. 61, the 
resistances of known lengths ami sizes of copper wire 
used in common circuits may be readily calculated. 
From 10 to 20 per cent, is frequently added to 
the figures given (for pure copper), in order to cal- 
culate the resistance due to ordiuaiy commercial 
wii-e. In such calculations it will prove of service 
to bear in mind the nile that the resistance of a wire 
of constant section and matmal is directly propor- 
tional to the length and inversely "proportional to the 
area of its cross section. Tlie conductor may he of 
any shape. It is a matter of indifference what fonn 
the cross section exhibits, because the resistance is 
in no way affected by the extent of the surface of the 
conductor. Hence, conductors may be round, square, 
flat, tubulai-, or of any other requii-ed section. 

Several other methods of measuring resistances 
are in common use. The "Wheatstone bridge 
method is one of the most trustworthy, but a 
description of it does not come within the scope of 
int woric. ' 



46 ELECTRO-MOTOES, 



— iffS 



Determination of Electro-motive Force. 
electio-motive force due t^i any souree of *elec' 
tiiL'ity call be deteiTfuned by calculatifju, when the 
resistance uud cuiTent are kn(n\ii, by the method 
previously spokeu of — 

Under iniit measui-ements (webere and ohms) 
this gives tlie electru-motive force in volts. It is 
often necessary, however, to determine the elet^ti'o- 
motive force in cases wlien neither the cuiTent or 
tlie resistance of the uu'cuit is known. It is usuaJIy 
■done in teiTQs of SJine known standard of electro- 
motive force. The DauieU cell is the most convenient 
stiuulard for ordinary use. Its force is as neu-ly as 
jmssible 1-079 volt, when acidulatetl water is used 
in tlie zinc compoilment. Onlinaiily, tlie force of 
this cell may be regai'ded as 1 volt, the small 
fraction -079 beii^' neglected. 

By means of a tangent galvanometei", provided 
\vitli a long coil of fine wire (the resistance of wliicli 
need not he kno\vu), the force due to any soui'ce of 
electricity giving cuiTents is proportional to the 
tangents of the angles of deflection. Having de- 
termined the angle desciibed by souree of knovf^ 
force, as the Daniell cell, comparisons of smaller ot 
larger cm'rents may be made with it. 

Thomson's electi-ometer is now generally used t* 
determinations of electi-o-motive force, and ClaiK ^ 
potentiometer is also extensively employed, but tJi^ 
<mlculations necessai-y involve so much specj*'- 
knowledge of electrical potential that they mnao^ 
be treated here. 

The sti-ength of the cun'ent due to any electi'i*' 
som'ce may he detennined by the Iieat developed ^ft 
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the circuit. Tliis method has been used by Dr. 
Siemens, Dr. Hopkinson, and others. The heat 
developed by a current C, in a resistance r, in time t, 
is Ght. Tims the cuiTent may be measured by 
the quantity of heat received in a given time by 
water in which a resistance r is immei'sed. A wire 
of known resistance is immersed in a given quantity 
of water, placed in a calorimeter, and the tempera- 
ture of the water is measured. Dr. Joule found 
that H=CV^, where H is the quantity of heat 
produced by the current. 




NuMi^ROUS expeiimeuts, conducted by vaiious 
Huthorities, have failed to show that the electro- 
maffiiet, in reference to the force it yields, is governed 
by laws permitting the du'ect use of accumte rules 
and formulte. 

All the formulte applicable to the laws under 
which electro -magnetism is developed relate to thres. 
elements : — 

1. The iron core. 

2. The encircling coil of insulated iviiv 

3. The cuiTent passed. 
Great diversity exists between the results 

lished hy cUfferent authorities, differeuces wl 
long experience would appear to attribute to me 
kind and quahty of the iron used, to its form, and 
to other conditions which it is impossible to provide 
for in general mles. Tlie following formula is 
useful : — 

Let M = the magnetic force of the electro-magnet 

ffi=the number of oonvolutioDB (wire). h 

f'=diameter of the iron core. ^H 

C^the current passing. ^H 

c=a constant (not stated). ^H 

ThenM=c«CV^ 
Jacobi found tltat "the magnetism of an electro- 
let is directly proportional to the number of 
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turns of the helix." To this should he added, the 
cuiTents being equal. 

Dub found that " its atti-actiou is proportional 
to the squai'e of the number of convolutions," and 
that " the attraction between two electro -magnets 
is proportional to the sum of the product of the cur- 
rent strei^h and number of convolutions of both 
helixes." 

Menzzer found what is well known accoi'ding to 
another law, that " when the resistance of the coils 
of the electro -magnet is equal to the resistance of 
the rest of the circuit, the miignetising force is at a 
maximum." 

The tmtli is, that there is little (hfficult}' iu con- 
structtnjT electro-magnets to yield as mechanical 
effect about 90 per cent, of the energy of the 
cm-rent. Tlie magnetising power of a coil will be 
at a maximum when its resistance is equal to that 
of the electric source, no matter of what size and 
length of wire it is composed. Tlie softness of the 
iron core only affects the result as follows : a soft 
iron core is magnetised more rapidly and fully than 
a hard core, and a small core is magnetised more 
rapidly than a large one. 

The size of the wire use<l iu the magnetising coil 
must obviously depend upon the internal resistance 
of the electric som-ee, and the electi'o -motive force. 
The number of turns it describes around the core 
will thus depend both upon its size and upon the 
resistance at the source, since it is not found advan- 
t^eous to increase the number of layera of wire 
when a thickness equal to the diameter of the core 
has been attained. 

In developing electro -magnetism in any mass of 
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■ iron, it must lie obseiTeil tliat tlie effect of each 
cessive layer of wii-e at Lucreasi^'ly greater distances 
from tile iron rapidly dimiuishes. Therefore it is 
advantageous to employ a wire small enough to give 
a considerable number of turns around the core in 
a Tei7 limited radius. Tlie magnetism developed fey 
an eleeti'o -magnet thus airanged will be proportional 
to tiie current strength and the number of turns in 
the coil. When tlie core is small, say less than one 
thii'd of an inch in diameter, a maximum is soon 
reached beyond which additional turns of wire yield 
no additional maguetism ; and with a given number 
of turns of wii'e a maximum is soon attained beyond 
which it is not advantageous to inci-ease the cmrent 
strength — thisisthemaximimiofma^iicsoiuroiMtfi. 

The lengdi of the electro -magnetic bar only serves 
to insulate its poles, bnt this condition greatly in- 
fluences tlie nature of tlie magnetic field. It is found 
that it is of little moment in what way the mre is 
wound, so long as it is maintained at right angles 
to the axis of the bai', whetlier it is spread from end 
to end of the bai' or accumulated at the exti'emities. 
It must not be overlooked, however, that the magnetic 
poles will tend to lie neai' to the points of greatest 
excitation. Hence, it is more advantageous to ac- 
cumulate the wii'e, under the above mles, neai' to 
the exti'emities of the bai'. 

Magnetic Attraction will depend upon the mag- 
netic field set up, and tliis varies in extent, to ft 
certain degree, witli the distance apart of the poles. 
A horseshoe electro-magnet, having a space of two 
inches between the centres of its poles, will carry a 
gi-eatev weight attached to its armature than it 
would were its poles separated to four inches. But 
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ID the fii'st and second eases the distance from which 

ax'matui'e might be attached, or, in otliei- words, the 

I extent of the maguftic field, would not he the same. 

f The extent of the magnetic field may he shown (by 

means of u'on flHngs sj;)nnkled upon paper) tu 

occupy an eUipse, and tlie exti'eme radius of tliis 

j ellipse can be shown to be at a greater distance 

I from the poles as they are wider apart. The 

I difference, however, is not very gi'eat, but it fre- 

! quently upsets the general conclusion that, the 

I magnetic attraction is inversely proportional to the 

[ square of the distances between the magnet and its 

armature. 

Armatures should be considered in the hght of 
induced magnates. It is therefore important that, 
where the magnet is intended to act upon the 
armatm'e in the axial line, the annature he lai'ge 
enough in section to engi'oss the inductive force in 
the. field, or at least equal in section to the core 
itself. 
_ From the most elementary conceptions of magne- 
tism, it is obvious that when a ma^et induces a 
magnetic charge upon the molecules of its armatm-e 
the polarity is of reverse name, otherwise repulsion, 
and not attraction, would ensue. The end of the 
armatm'e opposite to tlie N pole of tlie magnet will 
become of S polarity, and the opposite extremity of 
N polarity. 

Accoiding to the same law, when, as is frequently 
the ca^, the annatui'e is an independent magnet by 
itself, the poles must be aiTanged, when it is 
■uired that attraction should take place, according 
'to opposed polarities, N opposite to S, and W- op- 
poate to S'. Further, it is clear that in the case 
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of also utilising repulsion, as is sometimes done, it 
is only necessaiy to change the magnetic polarity of 
one of the pau-s, so that S shall face S^ and N N^ 
When the cmi-ent is reversed in the magnet the 
polarity is revei*sed also. 

Residual Magnetism is to be foimd in all masses 
of u'on once magnetised. Its amoimt Vrill depend 
upon the hai'dness of the iron and upon the time 
during which the armatm-e has remained in metallic 
contact with the poles. It is foimd that the latter 
condition, forming as it does a closed magnetic 
circuit, is strongly favom-able to the development of 
a permanent magnetic charge upon the molecules 
of the iron. In large masses of iron the residual 
magnetic influence is often very powerful, and 
greatly interferes with the rapid reversal of currents 
in the smTounding coils, exercising, as it does, a 
powerful retarding influence. 



CHAPTER V. 

[ Electro-Magnets and Armatures. 

lave learned fVoin the precediuy clmpters tliat 
in electro-raagiiet conasts of a mass of iron in 
fhich magnetic polarity is raised by tlie circulation 
troimd it of an electric current, and that a Irn-ye 
sroportion of the energy of the current may l)e 
ibtained mechanically in tlie form of a magnetic 
itti'actiou and repulsion upon a second mass of iron 
fir steel, called tlie ai'mature. 

Ijx tJie most simple form of electro -magnetic 
Inotoi'S the armature consists of a mass of st>ft iron 
!lttache<l to some kind of mechanical device, havii^ 
hr its object the convei-sion of a reciprocatiug into 
k rotatoi-y motion. In other forms of the electro- 
Ibotor the annatm'e is also a magnet, being com- 
^sed either of hai-d steel, in which case it is a 
sommon peimanent magnet, or of soft iron, foi-ming 
% second electro -magnet. It is common to call the 
fixed magnet the Jield magnet, iuid tlie moving one 
the ai-mature. 

The combinations which may thus be employed 
tire very numerous. Electro -magnetic motive en- 
gines must, however, be either rotatoiy or recipro- 
Batory in their action. The rotatory machines are 
bf one kind, in which, however, numerous different 
Combinations of simple ai-matures, peimanent or 
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eleetra-magnets may be utilised. TLe rwiprocating 
motor must belong to one of two kinds. Fii-st, 
that in ■which the amiatiu'e (of any type) is directly 
attracted to and alternately repelled from the poles 
of an electro -magnet. Secondly, that form in which 
the armature is represented by a plunger of iron, 
which is iJteiTiately attmcted into and expelled from 
a hollow coil of wire or solenoid. In tliis ease also 
both soft u-ou and magnetised steel armatui'es are 
used as plungers. 

We have now to consider tlie influence or 
mechanical effect yielded hy electro-magnetic devices 
(if different types ; and when these are varioudy 
airanged and excited by the cuiTents. We ai-e also 
eoucemed in the piimary principles affecting thar 
use sa converters of electrical into mechanied 
energy. 

Soft Iron, as used in the constmction of electro- 
magnetic machines, signifies a kind of tough and 
carefiiUy-aunealed iron of good quality, which dUows 
of its heing rapidly magnetised and demagnetisid- 
Tliis kind of iron also receives stronger charges of 
magnetism than hai-d iron and steel — that is, it 
does not attain the condition known as satm-ation 
until its attractive or suspensive power is greater 
than tlie maximum forc^e obtainable from equal 
bulks of haid iron or steel, Tliis may readily be 
demonstrated by means of a magnetising coil and 
pieces of the idnds of iron and steel mentioned. 
What is genei-ally kno\ra as Swedisli iron is fouiB 
to most readily ansiver the above conditions, bat 
the best common iron of commerce is generally 
used. It is found that the oftener the cores of a 
wgnet are magnetiseiV ftve ?,ol\.e\ vVeVcti'tt becomes. 
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Annealing is geiiemlly effected by soaking the 
iron in a biood-red fire for some time and tlien 
cooling out very slowly — a condition most easily 
effected by allowing the fire to die out without 
removing the iron. Some anthoiities and iron- 
workers maintain tliat plunging the iron in water 
when it still retains considemble heat has a soften- 
ing effect, but experience does not appear to verify 
this opinion, at least so far as magnetic ductility is 
concerned. 

Steel, when employed in the constniction of 
electro-magnetic machines as penaanent magnets, 
should be of the best quality only. The metal 
slionld, while yet in its soft state, he forged, diilled, 
and otherwise finished in the form it is requu'ed to 
present. It is then to be hai-dened by bringing it 
to a blood-red heat in a slow fire and cooling out 
suddenly in water or oil. "When tJius hardened, 
and of good quality, a file should not cut the steel. 
Hardening is therefore the reverse of annealing. 
Hardened steel of good quality may be said to per- 
manently retain magnetism, while softened iron 
most readily loses it. Care should be taken in 
hai'dening steel not to allow tlie temperature to rise 
above that degree indicated by a cheny-red colour, 
otherwise the quahty may be seriously impaired by 

burning." 

Temping is a modifying process, intended to 
make the steel rather less hai-d or brittle. It is 
frequently practised in the case of pennanent 
magnets, in oi"der to secure a greater suspensive 
jower ; but the tempering must not be carried too 
far, othervvise the steel will be restored to its soft 
condition, and the magnetism wil\ nol\)e;"ce\a\QR\. 
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When a piece of hardened and brightened steel 
is slowly heated, it begins to change colom- by oxida- 
tion, and at 430'^ F. itesumes a vei-y pale straw 
tint. At 450° the tint is dai'ker and more appai'ent. 
At 470'-" it is a ilai'k stiuw yellow, and gradually 
deepens throughout all the gi-ades of colom-, down 
to a deep blue at 570", which is known as " spiing 
temp<?r." It. is found that good steel may be softened 
down to a straw tint (500*) and still permanently 
retain magnetism, while inferior qualities should not 
be raised in temperature beyond a pale sti'aw tint. 

Horseshoe magnets, or U s of steel , to be tempered 
must be brightened at several paits of the surface, 
to enable the operator to obseiTe the degi-ee of 
softness. The steel should be laid upon a thick 
plate of h'on, previously made red hot, and naiTowly 
watched until the required degi'ee of softness has 
been attained, when it should be suddenly cooled 
out in water. 

Magnetisation. — When ready for i"eceiving 
netism, the steel may be subjected to the influ< 
of a strong cuiTent of electricity passed through a 
coil of about two or tlu'ee layers of insulated wire. 
Or it may be magnetised by being subjected to 
frictional contact, continuously in one direction, from 
the poles of a strong electi'o-magnet. In either case 
a soft ii'on aimature should be kept across the poles 
of the new magnet. A pennanent magnet of some 
strength may be used for the same pui'pose. The 
current process is decidedly the better. The current 
should be passed for a few seconds, aud the circuit 
may be bj-oken and completed several times during 
the process. This latter method aids the magnetisa- 
fJon. J 
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Armature Iron sliould, as a mle, be as soft and 
ductile as possible. lu some instances, however, 
when the ai-matui-e is not to be subjected to reversals 
of polaiity, or when it is required to aot to a cei-tain 
extent as a magnet, malleable cast and ordinaiy cast 
iron may be employed with advantage. Tlie ai'ma- 
tore should, as a rule, be of a size and weight 
sufficient to fully engross the inductive effect in the 
magnetic field. Its sectional aiea should be as gi'eat 
as that of the magnet itself. Special iust.ances arise, 
however, in which the ai-iuature sliould be light and 
of a smaller section than the core. 

Electro-magnet Cores. — The core of a magnet may 
consist of a solid bar, a plate, a tube, or a bmidle 
of wires. In ordinary cases it should be of tlie 
softest iron. Undex' ordinary conditions of mag- 
netisation, when the cylindrical pole of a magnet is 
examined under the influence of the current, it is 
found that the magnetic attraction is exerted most 
strongly, not at the centre but towards the encircling 
edges. In fact, when the magnet is rapidly mag- 
netised and demagnetised tlie central poi-tion remains 
almost passive. This fact has led to the employ- 
ment of cores of all conceivable shapes, among 
■which tubes have found most favour, more especially 
where the polarity must be fretpiently reversed. 
"When a magnet is subjected to the influence of a 
auflSeiently powerful cuirent, the whole of the core 
is magnetised to satmution, and under such condi- 
tions a sohd-core magnet would be capable of exert- 
ing greater attractive power than a tubulai'-cored 
magnet. 

In cases when the magnet must be rapidly 
alternately made aiid immmle, a soM eore '^-s % Cfia- 
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advantage, because it acts to a fji-eat extent as a 
magazine or condenser of the inf^etic energy. 
Hence, tlie tubiilai' and flat forms of core prove tiie 
' most effective forms of core under these conditions. 
Fiuther, for smaller apparatus than electro -motors, 
the tubulai* core may be split longitudinally, or a 
bundle of wires may be used as a core. Such 
rafy:^ets as these pmve veiy effective under the 
influence of small cmxents. 

In length tlie cores of electro -magnets of the com- 
mon form should not be less than ten times the 
diameter, and in most cases should be much larger. 
The coils may be wound all over the bar, but it is 
usually found most convenient to ai-range the mre 
upmi two bobbins, mthei* shorter tlian the two 
limits, and to join up the wii'e in the same maraiei* 
as if it were wound all over the bar in a unifoiin 
dii'ection or unbroken helix. 

When the core is composed of one bar of iron the 
most effective fonn it can assume is that known as 
U shape. The distance between the limbs is to a 
ceitain extent regulated by the amount of wire to 
be coilal upon each limb. It should seldom be 
greater than four times the diameter. 

It is found by experiment that enclosing the 
limbs of a magnet of this tyjte by a pair of brass or 
copper tubes exercises a considerable effect upon 
the attractive foree. Some authorities speak of a 
gain of 20 per cent. 

Another construction of electro-magnets offers 
some advantages, because the attractive force for a 
given current is increased. The core is a tube, 
around which coils of \rire are wound as usual. 
Orer this another iron tuVie ani, toWs as:e-^\a.ced.,thus 
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incentratiiig a gi-eat portion of tlie inductive effect 
■within the magnet itself. Tlie coHstniution is 
however expensive and troiibleBome. 

There is obviously no hmit to the number of 
different devices whicli may he resorted to in con- 
nection with cores for electro -magnets, but the 
question finally turns upon the cousideratitHi whetlier 
the fjain in force equals the extra fli-st expense, and 
the disadvantages of complicated methods of con- 
struction. 

The core of a U mnsuet need not necessarily be 
in one unbroken length. On the contrai^, almost 
every magnet core employed in telegi'aphic and 
other apparatus is made in three sections — two limbs 
■iind a " yoke" or junction piece — ^to which the limbs 
are screwed. In extension of the sectional method 
of construction the field ma.gnets employed in all 
:the more notable dynamo -electric machines and 
electro-motors are constructed of several pieces 
connected together with bolts and nuts. The con- 
straction of the whole machine is thus much sim- 
plified, and the loss of force at junctions inappre- 
ciable. AH contact faces should, however, be both 
clean and flat, because the magnetic circuit conti- 
nuity is very easily severed. The effect of securing 
the continuity is to make each limb into a separate 
magnet with two poles, or a total of four poles, 
xedacing the efliciency of the magnet to one 
half 

Extension of the Poles. — By attaching extension 
pieces of soft or cast iron to the extremities of a 
imagnet, its poles may thereby be extended out- 
wards from the core itself. The electro-magnets 
nsed in the Gramme and otViet i;j\\am.(i-^e,t\xvi 
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machines are extended in this manner to embrace 
the revolving armature. 

Electro-maffnctic Solenoids. — When a current 
circulates in a coil of wire whicli forms a hollow- 
cylinder, a plunger of iron or steel mil be attracted 
or sucked into the chamber. "When the plunger 
is a permanent magnet it is expelled again upon 
reversing the direction of the circuit in the solenoid. 
Another method is to employ a helix, the lower 
half of which contains iron, while into the upper 
half a plunger of iron is attracted. A very con- 
siderable yield of mechanical energy from a given 
current may be obtained from an electro-motor 
arranged according to these principles. 

Conducting Wires for Electro-magnetic Apparatus. 
Copper wire is almost invaiiably employed in the 
construction of electro-magnetic machines. It 
is usually insulated by a covering of silk, cotton, 
hemp, or guttapercha. The insulating covering 
is applied to the wire by a special covering machine. 
Wires insulated with silk occupy less space than 
those covered with cotton, and the insulation is 
more effective. It is of much importance to use 
only wire of good conductivity, and carefully 
protected, so as to reduce the resistance of the 
apparatus as fai- as possible and insure good insu- 
lation. For currents of low electro-motive force 
the covering may be thinner thEin for currents of 
great force. 

The following list contains all the sizes of 
insulated copper wire in common use. The finer 
sizes from 20 upwards ai'e included, although 
only employed for the hghter Jdnds of electri cal 
ipparatus. 
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LIST OF INSULATED 


WIBES. 




WireGaiKTB. 


Millimoma. 


F^-A 


Poro Copper 
Ft. per (ft™. 


No. — iin, diam. 


6*37 diam. 


5-29 


6046-5 


e 


5-08 


8-26 


3869-8 


8 


4-31 


11-18 


2861-0 


10 


3-55 


16-87 


1896-2 


UJilL 


3-17 


21-16 


1511-6 


12 


2-79 


27-32 


1170'6 


13 


2-41 


36-(i3 


873-1 


U 


215 


46-28 


691-0 


15 


1D2 


58-77 


544-2 


IG 


l-fiBl 


78-34 


408-8 


IT^flin. (nearly) 


1-440 


101-75 


314-3 


18 


1-274 


132-23 


241-9 


19 


1143 


103-25 


196-0 


20 


roiB 


30(i^60 


154^8 


22 


■813 


322^81 


^■l 


24 


■fI35 


538-90 


605 


SG 


■483 


915-78 


34-9 


28 


■406 


1291-3 


24-8 


30 


■355 


1690-4 


19-0 


31 


•305 


2265^8 


13-9 


32 


-254 


3305^e 


9-7 


33 


-250 


358C'8 




34 


■244 




8-9 


35 


■221 


4367-3 


7-3 


36 


■200 


5296-6 


6-0 


37 


■170 


7363-7 


4-3 


38 


■147 


9826-4 


33 


39 


•106 


18739-0 


1-71 


40 


■099 


21732-0 


1-47 



Of the azes giveu in this table, No. 6 may be 
used for the strongest currents. The sizes from 
No. 6 to 14 are commonly employed in dynamo- 
electric and electro-dynamic engines. The column 
giving feet per ohm is only correct for pure copper, 
at 60° F. From 5 to 15 per cent, should be 
added for ordinary copper. It is important not to 
employ wires too large in the construction of 
electro-magnets. The average eSetAvia YtraEJciex 
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of 2(itf^« of wire upon ordinary electro-magnetic 
machines is -t. In any case this number, or any 
greater number, should not present a total thick- 
ness of more than half the diameter of the core, 
when the core is cylindrical. When the core is 
flat, as in the Siemens electro-dynamic machines, 
the exciting layers of wire frequently exceed it 
in thickness. Consistent with efficiency, the 
resistance of the circuit should be kept as low as 
possible ; but this must he intelligently understood. 
The leading wires, or those having no inductive 
effect upon any portion of the apparatus, should 
be as large as convenient. It is usual to employ 
flexible cobles^ composed of several small wires 
twisted into a rope, for this purpose. These are 
usually so large that their resistance, for short 
lengths, may be left out of accomit. But in the 
coils, the influence of the absorption of energy by 
numerous turns of wire must not be overlooked. 
The efficiency of a given electro-motor may, under 
certain circumstances, be immensely increased by 
duubling the number of turns on the magnets ; 
or it may be immensely diminished, according to 
the internal resistance of tlie electric source. As 
a generd rule, the motor coils should present 
resistance at least equal to that of the electric 
source. 

From these considerations the following general 
conelusioms liave been deduced. For electro- 
magnetic portions of machines and motors weighing 
from 20lb. to 50lb., as much of the sizes of wire 
from No. 8 to No. 14 may be wound on until the 
resistance equals that of the electric source to be 
employed. As a rule, tlie largest gauge of \vire is 



r 



KLECTRO -MAG NETS AND ABMATURES. 63 

used upon the largest machiues. Tins implies, 
geuferally, that the largest wire should be used for 
a very low interior resistance in the electric source. 
Also, that not less than three layers should be 
employed, and this in the most advantageous 
position. Also, that the sum of all the resistances 
shall be greater, rather than smaller, than that 
of the electric source. 

When the resistance of the electric source is 
considerable, say over 4 or 5 ohms, a finer 
aze of wire than usual should he used, siuce in 
such cases four layers of fine wire will prove more 
effective in developing magnetism than six layers 
of a larger size of wire. When it is calculated 
that a given size, say No. 12, will, when wound 
in the necessary number of layers, yield too high 
a resistance, a larger size should be employed. 
Hence, the size of wire is controlled both by the 
number of layers necessaiy to obtain maximum 
magnetisation and by the resistance at the electric 
source. 

The rules already given governing the construc- 
tion of electro -magnetic arrangements, indicate 
that the magnetic attraction depends upon the 
number of convolutions ; but this must he con- 
sidered in relation to the fact that, beyond a ceilain 
distance from the core, the influence of each layer 
of convolutions is increasingly less. It is therefore 
possible to overdo the number of convolutions under 
the impression that a gain will thereby be secured. 
The common expression that the strength of a 
magnet increases as the number of tui-us can be 
true only within certain limits, which must be 
determined for each specific case. 



,64 ELECTRO-MOTORS. 

In Cftses where the armature of the magnet is 
intended to be raagnetisetl and demaffnetised 
alternately and rapidly, the number of layers in 
the excitinp; coil should seldom be more than four. 
This usually necessitates the use ef comi^aratively 
fine wire, which may be made to describe a con- 
siderable number of turns in a small space. Fine 
wire will in this case prove more effective than 
thick wire, the bulk of which might necessitate the 
winding of five or six layers. 

It is extremely difficult, however, to lay dow-n, 
even approximately, correct rules for the coiling 
of electro-magnetic arrangements. The electro- 
motive force developed at the electric source, the 
total resistance, the nature of the generator, the 
velocity of the motor, and other considerations, 
must be taken into account. "When the leading 
wires are long nr thin they should be counted into 
the resistance of the motor. 

When a given magnetic force is required to be 
excited by an electro-magnet, different electro- 
motive forces will he required to produce it, accord- 
ing to the conditions of the circuit. Thus, a 
magnet that acquh'es a certain attractive force with 
a constant current in one direction, will not yield 
the same effect with an interrupted current of equal 
strength. It is found that to magnetise and de- 
magnetise rapidly an electro-magnetic bar involves 
a large expenditure of electrical energy, probably 
three times that necessary to maintain the same 
magnetic effect from a current constantly flowing. 
A back electro -motive force is produced at each 
change, and the waste of energy is manifested in 
the coils and cores as heat. ^m 
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From these considerations it is evident that aiiy 
of the regular statements assumed to express the 
laws govei-niiig electro-magnets are frequently 
delusive or misleading, since the conditions are 
continually changing, each change recording its 
effect upon the resistance of the circuit. But the 
whole question shoidd be viewed broadly, with its 
various correlations, for specific cases. A change, 
whatefver its natm-e may be, implies eitber an expen- 
diture of additional energy, or a diminution in the 
resistance. "When the cmxent is miintevrupted tlie 
expenditm-e of energy, when the maguet does no 
work, is clearly, after the fii-st instant, that due to 
the wire resistance alone. But if the magnet does 
work, or acts in the maintenance of a magnetic 
field, which is utilised for a useful pui'pose, there is 
an additional expenditm-e due to " work " pure and 
simple, or to counter electro -motive force. This 
counter electi'O-raotive force, due to the reaction of 
the magnetic force in the field when doing work, is 
often erroneously regaixled as increased resistance, 
analogous to simple conductor resistance. 

Again, when the cun-ent is frequently intemipted , 
the magnet will do less work, and yet the expendi- 
ture of energy will probably be as great as before, 
a Boui'ce of loss which may clearly be traced tt> 
absorption or conversion of energy in impulsions 
throughout the eii'cuit — ^impulsions which are only 
to be recoverable as heat, which in this case is 
useless. In short, any addition to the expenditure 
of energy upon a magnet which cannot be recovered 
as worit may be assumed to be converted into heat 
in the mres and cores. 

Efficiency} of Electro-magnetic ApparaUis. — K-&. 
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electro-magnet is known to be an effective con- 11 
vertor of electric energy into work by the following 
- signs : When the magnet is inactive — that is, 
removed from armatures or other pieces of iron, 
its resistance should be only a little greater than 
that of the length of wire in the coils. When the 
magnet sets an armature in motion, so as to do 
useful work to its maximum power, its resistance 
should appear to increase very considerably — due 
to ba4:k electro-motive force — that is, the current 
flowing will diminish. Hence, it is correct to 
assume that tlie proportion the extra resistance 
(diminution of current) bears to the total is the 
measure of that portion of th^ expended force con- 
verted into work. The greater this proportion 
the more effective the motor, and the less costly 
its working. 



CHAPTER VI. 

Electric Accumulators or Magazines. 

"When an electric current is passed through a cell, 
composed of two plates of the same metal plunged 
in water, a result ensues which may be assumed 
to be the storing up of a certain quantity of the 
electric energy. That an accumulation of force 
has actually taken place may be demonstrated by 
disconnecting the cell and closing its circuit 
through a galvanometer, A powerful rush of 
current is at once indicated, the direction of which 
is opposite to that of the primary current. When 
the plates are examined, while h;till in a condition 
of electrical accumulation, it is found that a 
portion of the water has been decomposed, the 
constituent gases being deposited in a layer or 
cushion upon the two plates, The oxygen appears 
upon the positive plate, or that through wliich the 
current enters the cell, and the hydrogen appeal's 
upon the negative plate, or that by which the 
current leaves the cell. The hydrogen film is 
electro-positive to the oxygen fflm. A certain 
amount of energy is chai'ged or conferred upon 
the molecules, so that, when the plates are con- 
nected by a wire, a current passes from the 
hydrogen to the oxygen. Tlie result is a recom- 
position of the water; the gases reunite, and the 
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energy conferred upon the molecules is again set 
free in a current reversed to tlie charging current. 

A German physicist named Ritter was the 
first to actually construct a battery from which 
these secondary currents could be obtained. Volta 
and Bicquerel showed that the secondary action 
wfis in no ^vay dependent upon the plates, but that 
it arose simply from the layers of electrically- 
charged gases upon the plates, and that the plates 
simply acted as conductors or surfaces upon which 
the gases might be deposited. Grove constructed 
a "gas battery," in which oxygen and hydrogen 
were employed in this way to furnish a current, 
both the elements being of platinum. 

When the water is acidified its conductivity is 
increased, and the accumulating tendency is 
stronger. Since the effects obtainable in this 
way from platinum, silver, or gold plates were of 
a feeble and limited nature, efforts were made by 
several physicists to produce a combination capable 
of storing a larger amount of energy. It ■was 
discovered that not merely gases but also salts 
and other substances yielded the reactionary 
currents. M. Plante, of Paris, discovered in 
1859 that when t\vo sheets of lead were plunged 
in acidified water they yielded effects more 
powerful and lasting than those from platinum. 
When the charging current was continued for a 
suflicient time a peroxide of lead was formed 
upon the oxygenised plate, and hydrogen was 
yielded or set free at the negative plate. It was 
found that when this stage was attained a very 
great quantity of electricity was stored by the 
cell. When the plates were connected by a wire 
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a continuous curreiit flowed. M. Plaute fouiid 
also that, in the course of the yielding up of the 
energy, the oxidised plate became deoxidised, 
and that its oxygen passed through the liquid and 
attacked the opposite plate, oxidising it. The 
plate which liad thus been oxidised and deoxidised 
presented tlie appearance of spongy lead, pre- 
senting an euonuous extent of surface to the 
actiou of the uurreut. Each time the cell was 
nsed, its capacity for storing electricity was 
augmented, since the surface available was 
increased. Thus, one of the plates was always 
in a condition of partial oxidation. 

These observations led fil. Plonte to greatly 
extend the surfaces of the lead plates. He placed 




canvas between two large thin plates, and rolled 
them up in a close spiral. The whole was then 
plunged in a vessel containing acidulated water. 
This form of the accumulator cell was found to 
possess enormous storing capacity, and it improved 
after each period of use. 

Subsequently, it was found that, in order 
to obtain the full effect, a free small space 
should be provided bet\veen the plates for the 
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escape of gases. This led to the constniction of 
the cell fimilly adopted by M. Plante. He laid 
upon a large sheet, of lead a series cif three india- 
rubber bands, placed at equal distances apart. 
Upon this was laid the second lead plate, and the 
two were rolled up in a close spii'al, placed in a 
deep vessel, and moistened with acidulatol water. 
By means of a large cell of this description, 
charged by one or two small voltaic cells, an 
accumulation of electricity capable of rendering 
incandescent several inches of platinum ivire 
was prodiK^ed. The current lasted for a period 
depending upon the condition of the cell, or from 
ten minutes to cue ^r two hours. Thus, one 
great advantage of the Piaute cell consisted in the 
facility mth which the accumulated energy could 
be set free for practical purposes. It did not 
come off ^vith a rush, or in a nioraentary spark, 
as in the case of a telegraphic condenser. It 
flowed in an even current, diminishing, however, 
somewhat at the last. 

Another advantage presented by the secondarj' 
cell was that a battery of twenty cells might be 
charged by two small voltaic generators, at a 
tension of two volts, the whole battery being 
arranged as one large cell. "When charged, the 
connections could be changed by a commutator, 
so as to make the secondary cells into a battery of 
twenty cells in series. By these means a current 
having a force of thirty or forty volts might be 
obtained. It is true that, as thus arranged, the 
secondary cells became exhausted more rapidly 
than a single cell of large surface, but the advan- 
i tage of being able to obtain the force of twenty 
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cells by ii 



s of a current from two ouly was very 



The effects obtainable from Plaute'e battery or 
accnmulator were not sufficiently lasting to serve 
many practical purposes, iilthougli many experi- 
ments, involving the production of powerful 
currents, were performed by means of the type 
of cell just described. 

M. Faure, in the spring of 1881, effected a 
very great practical advance in the means employed 
for accumuJatiug electrical energy. Acting upon 
the hint given by the fact that peroxide of lead 
was formed upen the positive plate of Plante's 
cell, he tried the effect of coating the plates direct 
with red lead. The peroxide was mixed into a 
thick batter with water, and distributed in a thick 
cushion on the lead plates, which were then 
separated by cloth or felt, and rolled up in a close 
spiral, as in Plante's cell. The result was not 
only a combination which was at once ready to 
receive a chai'ge, but aii arrangement whiub 
possessed about thirty times the accumulative 
power of a Plante cell. 

The method of construction adopted by M. 
Faure, or by the company who possess the rights 
of 'trading in the invention, is as follows : Two 
sheets of lead are taken, 6in, wide, one being 
20in. long, the other IGin. long. Thick leadfoil 
is used for this purpose, the larger sheet being the 
thicker. Each sheet is furnished with a long 
strip of lead, projecting from its side, to form 
the electrical connection. Each sheet is then 
coated with a layer of red lead, made into a thick 
paste with acidulated water. A piece of parch- 
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ment, or parchment paper, is laid npon each of 
the treated surfaces, and the other sides are 
siniikrly coated and covered vdth parchment. 
ELath sheet is then sheathed in thick felt. The 
longer sheet is now taken, and the smaller placed 
above it, and the whole is rolled tip together in a 
tight spiral. It is thought advisable to place 
several strips of indiambber obliqnely between 
the sheets, and interiorly of the inner sheet, in 
the process of rolling up, so as to afford a mei 
of escape for the gas, if necessary. This spij 
is now introduced into a containing vessel or \ 
of lead, strengthened by bands of copper. The 
interior of this jar is also coated with red lead 
and felt, to increase the active surface. The 
conductor strip belonging to the outer sheet of 
lead is now soldered to the containing vessel, 
which is filled up with water, containing about 
one-tenth of sulphuric acid. The electrical con- 
nections are made by attaching teiininals to the 
remaining lead strip and to the cont^ning vessel.* 
A cell of this description, when charged, by 
being connected with two or three weak telegraph 
cells (Dauiell type) for one hour, will accumulate 
sufficieut electric energy to beat an inch or two 
of fine platinum wire to redness, and to furnish a 
current equal to that from ten or twelve telegraph 
cells for the space of fifteen minutes. When 
fully charged, by being connected with a more 
powerful battery, or a dynamo-electric machine 
for a few minutes, it mil yield a powerful current 
for several hours afterwards. The time during 
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which the cell may be allowed to remain in a 
conthtion of accumulation appears to vary, and 
does not appear to have been ascertained. Its 
force falls off, probably by leakage between the 
plates. By means of better insulation, it is 
probable that the energy stored might be kept 
unaltered in quantity for months. A cell made 
in the common manner will, however, retain its 
charge almost unimpaired for many houi-s, and in 
some cases days have elapsed before the stored 
electric energy was used. 

It is therefore evident that by these means it 
is practicable to store up a considerable amount of 
electric energy in a small compass, or, indeed, any 
required amount, according to the surface of the 
lead plates, and to convey it from place to place 
hy the ordinary means. There is no possible 
danger in carrying about energy in this form. 
It is available for use at ixoy moment by simply 
providing conducting wires, connected to the 
terminals of the electro-motor or lamp. 

By a calculation and experiments made by 
M. Eeyuier, afterwards verified by Sir William 
Thomson, it was shown that a Faure accumulator 
weighing lC5lb. can store, and afterwards yield 
up, energy to the extent of 2,000,000 foot-pounds, 
or Ihp. maintained for the period of one hour. 
According to the observations of Sir William 
Tliomson, the loss of energy involved in the 
charging and discharging of the elements would 
not amount to more than 10 per cent, of the 
total energy. If the process of charging is 
pushed on too rapidly, there is a loss, owing to 
actual conduction of energy through the cell of a 
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certain portion of the energy not effective in 
changing the condition of the plates. This loss 
will in most instances appeal- as heat. In most 
cases it is ajrisable to proloi^ the charging 
process, but there is a Umit to this. The work 
may he done too slowly, and pai"tial local action 
may occasion a shght loss, hut in any process not 
uselessly slow there will be very Uttle loss from 
this cause. 

AcrConling to the experiments of Sir WiUiam 
Thomson, with a view to determining the eiBcieney 
of these accumulators, and their appIicabiUty to 
the purpose of driving tramway cars through the 
medium of electric engines, it would appear that 
an eightli of a ton of accumulators would work 
very economically for six hours at one-sixth of a 
horse power. It would work much less economi- 
cally for one hour at Ihp., but not so uneconomi- 
cally as to be practically fatal to the proposed use. 
He considered that it is very probable that a 
traracar arranged to talie in, say, T^cwt. of 
freshly-charged accumulatoi-s, on leaving head- 
quarters for an hour's run, may Le driven more 
economically by the electric energy operating 
through an electro -dynamic machine than by 
horses. 

Tliere can be no doubt that, under ordinary 
conditions, the metliod adopted in the electric 
railways of transmitting the current along the 
whole course of the line, througli the rails, or 
through a special rail, will offer greater advan- 
tages than that of carrying accumulators of this 
type in tlie car or train itself. But in many 
^instances it is not practicable to lay domi or use 
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special or other conductors, and in such cases the 
employment of the accumulators would pro^e beat 
suited to the purpose of electricnlly propelling 
traracars in the higliways of towns. 

In the process of charging those cells, it will 
usually prove most economical to arrange all the 
plates in the manner of one large cell. Tims, if 
there be three Faure cells, let all the outside 
leads be connected togetlier, and all the inside 
leads together also. From these two sets two 
wires must be led to the electric source, and the 
primary current passed. 

When the energy in the accumulator is reijuired 
for use, it may eitlier be drawn under a potential 
of about 1*9 volt, as a current of large quantity 
but low electro-motive force, or it can be drap'n 
under a potential of about 5 volts by connecting 
the three cells iu series, as follows: The inner 
lead of No. 1 cell to the outer lead of No. 3, and 
the inner lead of No. 2 to tiie outer lead of No. y, 
carrying wires from the extreme leads at either 
end to the work. In the first case, the current 
win prove effective against a small resistance 
only. It will not prove effective in a circuit 
composed of thin wire. In the second case, 
the interpolar resistance should be considerably 
greater. The internal resistance of the cell or 
battery must, in most cases, be used as a guide 
with regard to the extreme resistance to oppose 
to it. A. Faure cell, exposing a total surface of 
lead of 10 square feet, will frequently show an 
internal resistance of nearly O-.'iohm. Thus, in 
the case of three cells, as in the abo\e instance, 
the total resistance, when arranged in series, 
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would be about I'Sobm, to wbicli might be opposed, 
with advantage, an interpolai- resistance of n6t 
less than 2 dium. 

The type of secondary cell exliibited in Fig. 5 
may be employed with advantage for experimental 



purposes. It is arranged to present a total 
surface of lead of 10 square feet. The plates and 
lead oxide are arranged in the manner already 
described, and two strips of copper, firmly riveted 
to the plates, lead out of the cell to form the 
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connections. The upright pilhu-s a a represent !i 
pdr of brass clips, connected to the two poles, Ly 
means of which, when required, a fine platiniiin 
wire may be stretclied across, by the incandescence 
of which the progress of the cbaiging may be 
observed. The central depressing screw closes 
the circuit of the cell througli the platinum test 
wire, when required. 

This cell, for experimental purposes, may be 
charged most easily by a voltaic cell consuming 
zinc. The author has employed for this purpose 
a type of cell which he has ilevised and calls the 
sustaining battery, because it is arranged to sustain 
its vigour for any required length of time. A 
description of one element of the battery wUl be 
found in Chapter IX. It is connected to the secondai-y 
or accumulator cell m the ordinary way. One cell 
of the sustaining battery, or ii Bunsen cell, or 
even a few Daniells may be used to chfiifje the 
accumulators, even if they present a total sm*face 
of 100 square feet. Two cells are more effective. 

The potential of the charguig battei'y or dynamo- 
electric machine has but little influence on the 
electi-o-motive force of the ftccmnulator. It will 
remain rather under 2 volts per cell, whether the 
chai-ging som'ce be of 2 or 50 volts potential. 




Construction and Efficiency of Electro-Motifl 
Machines. 

The fuiidameutal laws govemiug the production 
of motion by electrical agency, regai'ded from a 
practical point of view, are severally treated in 
the second chapter. We now enter upon a con- 
sideration of the most suitable means, within 
present knowledge, of turning the dynamical pro- 
perties of electricity to useful account, 

A vast amount of skill, ingenuity, and kbonr 
has been expended in almost fruitless endeavours 
to coustnict efficient electro -motors. This is true 
of the period succeeding the discovery of a means 
of furnishing a practically constant current of 
electricity, but preceding the discoveries of the 
past fourteen years, upon wliich the great modern 
developments are based, 

A. large proportion of former abortive attempts 
to produce useful electro -motors was conducted 
upon erroneous notions regarding electricity, and 
by inventors possessing ah the requisite know- 
ledge save that most essential to the success of 
their experiments. The patent records of many 
countries testify to the numerous failures incurred 
by persons chuging tenaciously to the hopeless 
idea that a zinc motor could compete with even a 
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^^I'J indifferent eoai motor. Further, it is now 
s'i'ideiit that even the electro-motors proposed, 
^Uhough exhibiting every mark of the highest 
ingenuity, were generally constmcted upon wrong 
piinciples, frequently indeed in utter ignorance 
of tlie elementy of electro-magnetic science. At 
the same time it may be considered that no class 
of natural phenomena is so apt to lead the inventor 
astray as those involved iu the production of 
mechanical movements from electro-magnetism. 

It is only a few years since the grandest and 
most fruitful doctrine of modern science, the cou- 
servation of energy, revealed the fact that zinc 
never can compete with coal in the production of 
large moving powers. "VN'ith the pubUcatiou of 
Dr. Joule's deductionsj, in which zinc was shown 
to possess a definite potential energy, considerably 
less than the potential energy of coal, fell the 
hopes of all those who had home up against 
repeated failures. This disposed of the idea that 
a zinc motor ever could compete with steam, on 
any considerable scale. 

But the gradual growth of an exactly opposite 
branch of electrical science brought new facts to 
light. The magneto- el ectiic machines of Siemens 
and others led the way to the production of the 
most powerful currents, from developments of the 
same principles, by Holmes, Nollet, Wylde, and 
others. Profound scientific knowledge, and more 
'especially an extended familiarity with electricity 
and its correlatives, were brought to hear upon 
the question of tlie production ai elecU-icity from 
mechanical ^notion. The question was at the time 
of more interest and importance than that of 
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producing motion by electrical agency, and it 
promised to open up a wider and more fruitful 
field than that in which so many inventors had 
already failed. 

It was not, however, until ahout the year 1872 
that the striking result of passing a current into 
a dynamo -electric machine was obsen'ed. M. _ 
Gramme was one of the first to discover that hi&^= 
^vell-knoivn dynamo-electric generator formed ai.^ 
e<[ually effective electro-motor. 

The late eminent Professor Clerk Maxwell con 
sidered this perhaps one of the most important an-^ 
interesting discoveries made within the precedir -^ 
ten years. 

It was speedily discovered, upon reasoning ttie 
whole question of generating magneto electricLtj' 
as it were back*vards, or upon a converse basis. 
that an efficient dynamo-electric generator must 
in most instances form also an effective electro- 
motor. The electric and magnetic conditions are 
identical. This singular coincidence attracted 
much attention, but the development of the prin- 
ciple, or its application to useful purposes, has 
been considerably delayed by the counter attrac- 
tions of electric lighting. 

Most of the dynamo-electric machines now 
used may also be employed as motors. Siemens' I 
machine has been more extensively used as a I 
motive engine than any other. Examples of itsl 
application to various jiurposes are offered iiiT 
another section of the ivork. Gramme's, Bnislij 
Maxim's, and many other types of dynamo-electri/ 
machines have likewise been applied in. the sai 
way, and will probably shortly occupy an import 



ELECTRO-MOTIVE MACHIKES. HI 

position as motive engines. The constniction of 
'■t>ese machines is treated upon at considerable 
'^*]gth in worlds devoted to the subject of electric 
lighting, and they have been described very ably 
'U various papers read before the scientific and 
engineering societies of Great Britain. The sub- 
ject does not on this account enter into the scope 
<>f the present treatise. But examples of electro- 
ttiotors, specially deigned for the conversion of 
electric into mechanical energy, are offered, in 
order to render the section devoted to construction 
as complete as possible in itself. One or two of 
these examples are but models on a small scale, 
but they serve to demonstrate the various methods 
of construction adopted, or which may be adopted, 
in the production of machines of any required 
dimensions. Details of the action of a model, as 
employed by scientific lecturers for the elucidation 
of the principles of those machines are also offered, 
in order to carry out the various electrical and 
magnetic principles already expressed. Meantime 
it may be mentioned that the types of construc- 
tion resorted to prior to Gramme's discovery have 
teen entirely abandoned, and the new motors 
are designed closely upon the lines of successful 
dynamo-electric machines. 

With reference to the efficiency of djTjamo- 
eleetric machines when employed as motors, the 
author is enabled, through the kindness and 
liberality of Messrs. Siemens Bros, and Co., to 
place the following very instructive and valuable 
particulars before the reader. They relate to 
the Siemens machines, 
I 1. In effbcting the transmission of power by 
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electricity, one dynamo-electric machine is drivai 
)y a strap or gearing in the ordinary niannei 
rom a steam engine or otha- motor. Ttiis 
machine generates a current of electricity, which 
s caused to pass through leading wires, of the 
■equired length, to a second and precisely similar 
machine, placed some distance off. Thus the first 
machine generates the current, which, passiuf 
through the second machine, causes it to revolve, anc 
renders it capable of exerting mechanical energy. 
3, The amount of work done by the second or 
motor machine is a certain percentage of energy 
employed in driving the first. If the speed of the 
irst machine is kept constant, this percentage 
varies with the speed of the second, and is at a 
maximum when the speed of the second machine 
s about Ai that of the first. As an illustration o 
this, the following ai-e the results of au experimeni 
with two Siemens' small machines, one as first am 
Dne as second machine. The first machine ran with 
a, constant speed of 1,100 revolutions per minute. 
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3. The amount of energy actually reclaime( 
averages, under favourable circumstances, hetweeii 
40 and 60 per cent, of that exerted by the firs 
machine. Keeping the relative speeds of the two 
machines the same, this percentage rises with the 
ucrease of speed of the first raacViwe, Sl'a most 
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m'Vourable velocity being the greatest, the miichiiie 
■will bear without becoming excessively hot. The 
lollowing is the result of aii experiment ivith 
Wo of Siemens' medium sized dynamo-electric 
Qiachines, as an example : — 
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The electrical resistiuice of the two conductors 
joining the terminals of the two machines was 
equal to 0'325 Siemens's unit. (Siemens's unit:^ 
0-9 563 ohm.). 

A Siemens medium machine is capable of 
working up to about 2 J actual horse power {as an 
electro- motor), the energy expended upon the 
machine furnishing the current being from 4 tjs 5 
horse power. 

The introduction of conductors of greater length 
and resistance to connect the machines together 
reduces the useful effect m the ratio of the amount 
of resistance inti-oduced. Two of Siemens' small 
machines gave the fellowiug result, the velocity 
of the first machine being kept constant at ],100 
revolutions per minute, the resistance of the 
dynamometer brake being also maintained the 
same during the four trials : — 



BsBiBlaiico of Conduc- 


Spoodof 2nd Machine 

In HcTolutioDB per 

Minute. 


"-■^sS.^-"^ 


IV5 
VO 
1-5 


685 
589 
502 
4.^3 


44 
26 



84 ELECTEO-MOTOBS. ^^M 

Distinction between Magneto and Dynamo Electnc 

Machines. — It mil be well, before proceediug 
further, to define the difFerence between the older 
magneto-electric machines and the more modem 
dynamo-electric apparatus. 

The terms magneto-electric generator is 
generally employed to signify a machine in which 
the armature is caused to rotate in a field created 
either directly by a battery of permanent 
magnets or by an electro-magnet excited by the 
current from a smaller magneto- electric machine, 
specially reserved for that pui-pose, and forming 
part of the machine it,'<elf. This latter device is 
adapted in one form of "Wylde's machines. 

The teiTQ dynamo -electric generator is gene- 
rally reserved for that form of machine in which 
an electro-magnet, excited directly by the cuirent of 
the machine itself, is employed to set up the 
magnetic field. The current created by the first 
few turns of the armature in the weak residual 
magnetic field passes through the field magnet 
and strengthens the field, which in turn reacts 
upon the armature, which yields still stronger 
currents. Thus the action goes on, accumulating 
force at the expense of the driving power, until 
the field magnet is saturated or the current fails 
to increase by augmenting the velocity. A cur- 
rent yielding energy equal to about 90 per cent, 
of the driving power is thus available for external 
work, the armature, field magnet, and work being 
all in one circuit. Sometimes the field magnet is 
excited by on independent machine of small size. 
This plan is adopted in cases where great steadiness 
in the currents is required, as in some instances 
f the production of electric light. 
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From these considerations it is evident that, as 
soft iron cau manifest magnetic power entirmously 
greater than that of steel, the electro-magnetic 
field machines must necessarily be vastly more 
powerful, size for size, than any possible magneto- 
electric macbiue. 

And conversely, when regarded as electro- 
motors, it is clear that the dynamo- electric ap- 
paratus must be capable of converting much larger 
currents than magneto-electric machines. 

Dynamo-Electric (Primary) Machines Connected 
in Parallel Circuits, — When two dynamo-electric 
machines are connected together in parallel circuit, 
hoth positive poles to one leading wire, and 
both negative poles to the other wire, the current 
obtained is commonly about 20 per cent, stronger 
than the current produced by the machines working 
separately, or in separate circuits. This property 
of the current-generating machine is taken ad- 
tage of in the primary arrangements used in 
the working of electric railways. 

The necessary connections are usually arranged 
between the two machines direct, and the leatUng 
wires are in this case coimectfid to the c and z poles 
of one of the machines. The connections between 
the two machines are as follow : C of first machine 
is connected with c of the second machine ; z of 
the fii-st to z of the second; m (the electro -magnet 
terminal on the z side of the fkst machine) to b 

I (terminal on brush, on z side of second macliine). 
B of the first machine (brush terminal on s side) 
to m (magnet terminal on z side of second machine). 
M^ (magnet terminal on c side of first machine) to 
fc' (brush terminal on c side of second machine). 
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Ijrush terminal on c side of first machine) to 
^mftgnet terminal on c side of second machine). 
The leading wires are connected to c and z of 
the second nmchine. These connections mil he 
rendered clear by reference to the engraving of 
the Siemens machine, Fig. 6. 




Use of DynamO'EUciric Apparatus as Cwrent 
Generators. — Like voltaic generators, dynamo- 
electric machines must, to produce the maximum 
of effect, be arranged according io certain condi- 
tions. The resistance should be the first con- 
sideration. The internal resistance of the machine 
should in all cases be known. "When the leading 
wires are short, their resistance may be left out 
of account, and that of the electro-motor only 
calculated. In cases where the current-generating 
machine is so arranged that its field magnet is in 
the working circuit, it must be observed that any 
increase in the external resistance will considerably 
affect the influence exerted by the field luagnet, 
and will thus rapidly reduce the current produced. 
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But in cases where the field magnet is excited 
by a portion of the current through a parallel or 
shunt circuit, so tliat the greater amount of tlie 
current may choose the lesser resisting path, an 
increase in the exteraal resistance, or working 
cii'cuit, will really augment the electro-motive force 
of the machine, because a large proportion of the 
cmTent will pass around the field magnet, increasing 
the intensity of the field. If the shunt and the 
external circuit were made exactly equal, they 
would resist equally, and the current flowing from 
the machine would be exactly divided between 
them. If the sliuut (electro-magnet) circuit were 
made longer, or of greater resistance, a larger 
proportion of the cuiTeut evolved would be passed 
through the working circuit. If the external re- 
sistance only be made to vary (as is generally tlie 
case, the field magnet cii'cuit being ahvays the 
same) the current in the field magnet will vaiy to 
a like extent. If the external resistance be ui- 
creased, the field magnet would receive a larger 
share. If the external resistance be (Hminished, 
the field magnet would receive a smaller share. 
Therefore, by this metliorl of shunting a portion of 
the current around the field magnet, the machine 
will produce strong currents when the extenial 
resistance is great and vice versa. So that changes 
in the external resistance caiTy with them, to a 
certain extent, then- own remedy, and everything 
tends to produce unifonuity of cm-rent. This 
method is more generally applicable in the case of 
. electric hghting circuits, where a steady current is 
required, than to the case of electro-motors. But 
it is probable that it might be used with advantage 
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in cases of Varying external resistance, even with 

motors, as in the ease of electric railways. 

Frccautions against " Slwrt Circuiting," — It is 
important to observe that the dynamo-electrio 
machine shall not, by accident or design, be allowed 
to work through too small a resistance. When a 
highly- efficient machine is put upon short circuit, 
the current produced -will be very powerful, and its 
quantity will rapidly increase, until the circuit wires 
become red hot, by reason of the energy being 
expended as heat in the machine. In such cases 
tlie insulating covering of the wires may be burned 
off and the machine rendered useless, until it is 
rewound with fresh wire. Before the wires begin 
to develope lieat enough to burn the insulating 
covering, long and bright sparlis will he ohseiTCil 
to leap from segment to segment of the commutator 
cylinder. 

Commutator Bnislies or Collectors, — These are 
brushes of hard copper wire or thin sheet copper, 
fastened in brackets and made to press upon the 
surface of the commutator or collecting cylindei' 
revolving with the axis of dynamo-electric machines. 
In most cases they are attached to holders con- 
nected together at diametrically opposite points of 
the commutator, so that any movement of one 
bmsh may be communicated to the other. By 
these means the relative positions of the collectors 
(at diametrically opposite points) are maintained. 
In the course of time the collectors, through the 
combined influence of friction and sparking, become 
worn, and they then call for readjustment. Id 
sach cases the ends of the bnishes should be cut off 
square. The pressure a'p^\iei aX- "Oae ■^wm& ot 
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Contact must be sufficient to cause perfect cou- 

*^iiiuity, liut it sliould not be so great as to cause 

teXcessive friction. When tlie machine is set in 

toiotion, it should be obsei-ved \vhether force is lost 

*y sparking at the brushes. When the sparks 

a-e large, they in(hente that the jxijiit of eoutoct is - 

itiot correct in relation to the speed of the macliine, 

c»r that the friction is too sliglit. The holder con- 

■taiuiug the brushes may usually he caused to rotate 

pon the axis, by wbit-h means it is easy to deter- 

laiine the best position for the brushes. The most 

la^lvautageous point will be indicated by the absence 

C>f sparks, it is commoidy a little in advance of the 

" .heoretical line of contact. The commutator (h-um 

ihould be kept freely oiled, to reduce friction; gi'it 

mjad copper dust should not he allowed to accu- 

"niulate upon it. When wora, the copper contact 

segments on the tlrum may be replaced by un- 

■Bcrewing the anuiitm'e \vires from their inner ends.' 

A spai'e set of segments usually accompanies each 

machine. In again fastening up tlie extremities 

of the armatm'e wires, care should be taken to 

connect each to its proper segment, and to insure 

that the metallic contact is perfect. There must 

be no metallic connection between the segments. 

The Principles of Motion in Eleclro-motivc 
Engines. — Fig. 7 represents amodel of an electro- 
magnetic motor intended to illustrate the principle 
of action in these machines on a practical scale. 

The model illustrates the aiTangement of parts 
intended to utilise both the attractive and repulsive 
effects of magnetism. In this instance the field 
magnet is represented as of the permanent type, and 
the armature as on electL-o-nn^et, both of the U 
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form, which, ho^vever, is not used in machines on a 
useful scale. 

N and S are the extremities of a permanent 
steel magnet, s and n is a bar of softiron, curved to 
the U form to bring its poles within the influence 
of the permanent or field magnet. Upon each 




limb of this armature, as it will now be called, ai'e 
wound two or three layers of insulated wire, the 
extremities of which lead to a commutator or cur- 
rent reverser. The aimature and its commutator 
are rigidly mounted upon a vertical axis, capable of 
free rotation. The commutator is composed, first; 
of a cylinder of wood fitting tightly upon the axis. 
Two half rings of copper embrace this cylinder at 
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opposite diameters, and to these half rings the ex- 
tremities of tlie excitinfi coil are connected. As 
the commutator rotates, two springs A and B press 
upon it at diametrically opposite points. These 
contact springs convey to the commutator the 
driving current, which enters at the terminals + 
and — 

Fig. 8 represents this current -rev ei'sing device 
more plainly. A and B are the springs conveying 
the actuating cun-ent ; C the wooden or ebonite 
cylinder, with its two half rings of copper, the ends 
of which do not come into contact ; 1 and 2 are 
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the exti'emities of the armature coil connected to 
the half rings. 

Tlie action of the machine is as follows ; N and 
S being fixed, and s and n free to rotate, the cur- 
rent passes from the spring marked + around the 
armature, magnetise the armature, and returns to 
the electiic source by the spring marked - 

Assuming the ai-mature poles to be near to the 
field-magnet pole, the cuiTent produces s magnet- 
ism in the pole opposite to N, and n magnetism in 
_ that opposite to S. The result is that the fixed 
K magnet attracts hotli poles of the armature, which 
B begins to rotate until the four poles coincide. AU 
■action would cease here were the current allowed 
■ to flow in the same direction. But just as the 
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armature passes the central poiuts of the fixed' 
poles, the half rings of tlie commutator exchange 
spnVw/s, and the curreiU, is reversed. Heuce the 
polaiity of the armature is reversed, its n and s poles 
being now opposite to N and S. Since like polar- 
ities repel each other, it is cleai- that repulsion 
ensues at both poles, and the ai'uiatui'e is driven 
fonvard through one quarter of a revolution. The 
cuiTent still continues to flow in tiie same direction, 
and the rotation brings the armature poles again 
witJiin the influence of the fixed magnet, but in 
this case n approaches S, and s approaches N. 
Thus attraction ensues until the poles again coin- 
cide at the instant when the current is again 
revei-setl by the commutator, and repidsion takes 
place once more. Tlins at each half revolution 
the cmrent is reversed by the commutator, and 
attraction and repulsion take place in consequence. 
Tlie armature, therefore, soon acquires a very 
mpid rate of motion, which is kept up as long as 
tlie current flows. A very feeble current suffices to 
set the model in motion, one cell of a voltaic 
battery being sufficient. The velocity ultioiately 
attained chiefly depends upon the softness of the 
iron in s ». 

It is of little consequence which of the magnets 
is allowed to rotate, but in the case of a permanent 
magnet being used, to set up the magnetic field, it 
is always necessarily more bulky than the armature, 
and it is therefore preferable to cause the lighter 
body to revolve. 

Attraction only. — If the field magnet were of soft 
iron, excited by the current, the armature might 
be of soft iron simply. In this case it would 
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rotate under the influence of attraction only, and it 
■would not be necessai'y to reyerse the current. 
The current would he intermpted to allow tlie 
armature to continue its rotation past the poles 
under the influence of inertia amply. Tliis is a 
■very common and inefficient foiin of motor. 

Electro-Magnetic Field. — When the permanent 
magnet is replaced by an electro-magnet, a much 




greater force is given by the maulmie. The ap- 
paratus then acts like a dynamo -electric machine. 
The magnetism of the field magnet need not in 
this case be reversed. The current is first passed 
through the field magnet, thence to the + com- 
mutator spring, and so through the armature back 
to the source. The action is precisely the same 
as before, but the rate of rotation and power is 
greatly increased. A short break of circuit takes 
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place at each reversal of the tiurrent iu the arma- 
ture, but this does not materially effect the field 
magnet. More effective forms of commutator, to 
be described subsequently, effect the reveraal with- 
out opening the circuit. The principle of such a 
machine is exhibited in Fig. 9, where two electro- 
magnets are used, one fixed and the other capable 
of rotation, or one as armature, the other as field 
magnet. It is more convenient in all such cases 
to rotate the armature than the field magnet, on 
account of the commutating arrangement, which 
usually rotates \vith the axis. Care is taken to 
pass the current in the two magnets, so that, when 
beginning to mutually attract, the poles shall be 
^-g, and at the commencement of repiUsion, ^| 

Froment's Model. — As mentioned above, a simple 
iron ai-mature may be attracted by an electro-mag- 
net, and the emrent cut off just as the former is 
passiug the poles of the latter, the motion being 
maintained throughout a portion of tlie revolution 
by inertia. This was the most common form of 
the electro-motor until extended knowledge was 
brought to beai' upon the machine. It is also the 
most inefficient form the njachine can assume, 
because only a small percentage of the current can 
by its aid be transmuted into useful effect. But 
the electro -magnets may be two in number, and 
one may be active while the other is necessarily 
idle. Tims a continuous attraction may be kept up. 

In its most simple form this is easily accom- 
plished in the form of motor devised some years 
ago by M, Froment, and used by him for driving 
Jiis philosophical iustniment making apparatus. 
Fig, 10 exhibits the construction of such a machine, 
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when the number of electro -magnets is two, and 
the number of (irmatures seven. Tlie electro- 
magnets are ordinary U magnets, and the arma- 
tures pieces of soft iron, attaclied at regular 
distances apart around a dram capable of rotation. 
There beiuf;; an odd number of armatures, the 
machine is so arranged that an armature is always 
on the point of being attracted by one or the other 
of the magnets. Tlie electro-magnets are alter- 
nately made and uumade, as an armature approaches 
and then passes the poles, by a commutator on the 
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axis of rotation. At best this form of motor is not 
effective, wlien compared with the more recent 
machines, and its construction need not therefore 
be further detailed. 

Siemens' Annattire. — The invention of this beau- 
tiful device is due to Messrs. Siemens and Halske. 
It was introduced originally to replace the more 
defective forms of armature in magneto -electric 
machines. It may be assumed that as this arma- 
ture has yielded more favourable results in 
generating electric currents than any preceding 
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inveiition of the kiiid, it is admirably adapted for 
use as an electro-dynamic armature. 

It really consists of aii electro-ma^aiet of pecu- 
liar shape. The exiiithig coil is wound, not 



§ 



ftl 



in 



traiis\'ersely, as in common electro-magnets, but 

in the direction of the length or axis. Fig. 11 will 
render the form of tliis armatui'e more clear to tlie 
, reader. It consists -of a long straight iron bar. 
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Its cross-section calls for further explanation, how- 
ever. It resembles a piece of round iron bar, 
grooved out longitudinally at opposite sides. This 
groove contains the excitiuf^ coil. In the section 
at the foot of Fig. 11 the real foim is shown. The' 
exciting coil is wound in the long groove and around 
over the ends of the bai' in one continuous dh'ec- 
tion. Tlius foui- or more layers of wire may be 
coiled in position. The poles of the magnet ai-e 
not, as in other forms, at its extremities. Tliey 
are situated at its rounded sides, as shown at n s. 
Thus it may be assumed that the armature is really 
an electro -magnet, but very short in the direction 
of its polar axis. Hence it may also be assumed 
that its gi-eat axial length fully compensates for 
its extreme shortness in the direction of its 
polar axis ; c and Ci are poi-tions of the casting or 
body of the armature, for the purpose of receiving 
the axis of rotation and providing a bridge through 
which the exciting coil may be wound upon the 
" web " or connecting body of the armature ; a and 
h show the foi-m of commutator generally used. In 
effect it merely consists of two half rings, as in the 
foim already described, but it offers the advantage 
of never wholly interrupting the current. It 
makes contact with one half before it breaks con- 
tact with the other half. This is effected by giving 
an oblique fonn to the rings, instead of dividing 
them direct in the line of the axis. The result of 
making the springs bear upon the commutator is 
to change the direction of the current gi'adually, 
This has another object. In the older form, when 
the circuit was suddenly opened a large spaik was 
produced at the point of rupture. The result was 
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to bum away a portiou of the spring or commuta- 
ting cylinder at each break. The spai'kiiig is to a 
gi'eat extent avoided in tlie above form of com- 
mutator. 

Tlie rounded sides of the ax'matm-e are turned 
after the journals have heen iixed, and tlie space 
left after coiling on the wire is filled up with pack- 
ii^ pieces (laggine) of wood, secured by two or 
more encircling brass rings. In commencing to 
wind the exciting coil, its firat exti-emity may be 
connected direct to the metalwork of ihe araiature. 
It is then coiled in the groove, with precautions to 
insure pood insulation from the body of the arma- 
ture. To aid in this, the groove should be free 
from shai-p projections, and may be coated with 
Japan vamisli. Tlie finishing extiemity of the 
exciting coil is cai'efully insulated from the arma- 
ture and attached to section a of the commutator, 
■which is also insulated, by being secured on a sleeve 
of ebonite or wood, rotating with the axis. The 
second portion of the commutator is secured in 
metallic connection with the armature by being 
driven directly upon the journal, and is therefore 
in conductive connection with the commencing end 
of the enveloping coil. The opposite exti'emity of 
the armature carries the driving pulley, or jiinion, 
when the speed of rotation is required to be reduced. 
The whole forme a compact armature, ready for 
mounting between the poles of an electi'o or per- 
manent magnet. It is usually found most conre- 
nient to fonn the body of the aj-mature of cast iron, 
which may aftenvai'ds be aimealed. Tlie annature 
may be of any size, according to the power of 
current it is intended to tmnsform into mechanical 
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effect. For a motor iiiteuded to prtxluee about two- 
horae power, the aimatiire should be about 36m. 
in length. The diameter is partly regidated by 
the length. .\.n armature 36iu. long may witli 
advantage be (iiu. or 7in. in diameter. lu cases 
where the armature is of soft iron, gun-metal 
end plates, as in Wylde's niachiue, may be attached, 
for receiving the joumals, instead of cast projections. 
In forming the machine the main object is to 
place the armature in an intense magnetic field, 

which may influence it from end to end. This 
may be accomplished by forming a paii' of long 
cast-iron pobu- pieces or inductors, and so arranging 
them that a chamber may be formed, in wliich the 
arraatm'e can freely rotate. Tlie inductors may be 
magnetiseil powerfully by attaching to them a 
number of permanent magnets, forming a magnetic 
battery. 

Fig. 12 represents the end of an arrangement of 
this kind, where A is a permanent magnet, forming 
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one of a series, fixed in tlie same position; n iSd 
s are polai' pieces of cast iron, kept in a magnetised 
condition bj contact with a, and setting up a mag- 
netic field in the ai'mature chamber c. The 
diameter of this chamber is only a little greatei" 
than that of the armature, so that the latter may 
rotate without actual contact with tlie sides of the 
chamber. Tlie cliaraber being as long as the 
armature, a considerable nimiber of permanent 




magnets are required to preserve a uniform mag- 
netic field throughout its length. As many as 
sixteen or twenty magnets may thus be employed 
for an annature chamber 94in. in length. When 
only a few ai"e used, the magnetic field is compara- 
tively feeble, and the energy of the motive machme 
is but small. 
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Fig, 1 if represents a sinfill electro-motor arranged 
on this principle. The leiigtli of the armature 
in the original is only liin., aud only three 
permanent magnets are used to set up the mag- 
netic field,but the model illustrates the principle, and 
furnishes a motive force of about 1,000 foot-pounds. 
a a a are the magnetic steel U s attached to a pair 
of dast-ii-on inductore n s, forming between them an 
aj'mature chamber. The two sides of the chamber 
are prevented from approaching each other- by a 
packing of wood w, mmiing from one end to the 
other, and the whole is solidly fixed together by 
screws or bolts. The armature chamber is bored 
out "true," in the manner of finishing the interior 
of a steam cylinder. Packing pieces of brass may 
then be necessary, and it is advisable in such cases 
to retain them in place of the wood packing spoken 
of. It is needless to state that in no case can iron 
be employed for this pui-pose, since it would act in 
closing the magnetic cncuit and annulling the mag- 
netic field. The inductors also caiTy bearing pieces 
of gun metal for the ai'mature, and the insulated 
contact springs bearing upon the commutator. A.t 
the diiving end the aimatm-e carries a pinion, gear- 
ing into a larger toothed wheel, can-ying concentric 
a strap-pulley, and reducing the velocity of rotation 
to one-fifth. The velocity, when a strong current, 
as from four or five voltaic cells, is passed into the 
armatm-e, ia about 3,000 revolutions per minute- 
The armature is wound with four layei-s of insulated 
wii'e, No. 16 size, and has a diameter of Ifin. 

In small models or motors, intended to yield about 
1,000 foot-pounds of energy and under, the ainif 
tnre may be placed in a magnetic field develof 
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by even more simple aii-angements of permanent 
magnets. Fig. 14 represents a battery of magnets 
as employed by M. Deprez in his motors. A cir- 
cnlar chamber is cut otxt, describing an ai'c upon 
either series of the poles, and the armature rotates 
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them direct. But in this ease it appears 
impossible to maintain the field uniform at every 
part of a long Siemens armature. 

Fig. 15 represents a better arrangement, first 
employed by the author, in which two magnetic 
batteries are used to set up the field, and a Siemens 




armature of the kind already described is fixed i 
shoi^-n, so as to freely rotate between the poles. In 
this ca.se the ai-c shown in the preceding figure may 
be cut from the magnets direct, or cast-Iron induc- 
irs, properly shaped to embrace each one-third of 
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the ai'mature, may be attnched to the magnets. 
The axis of rotation revolves in two gun-metal 
bearings, attached across the maguetSf Like poles 
of the magnets are placied together, as indicated in 
the figure. Magnetic batteries of this description 
naay be made and chai'getl by the methods detailed 
in previous sections. 

When the electro -motive machine is intended to 
exert any considerable ammint of energy, it is ad- 




visable to replace the permanent magnets by elec- 
tro-magnets. A considerable increase of power is 
yielded by motors when furnished with electro-mag- 
nets in place of permanent magnets. Moreover, the 
size and weight of the motor may be gi'eatly dimin- 
ished. The cost ia much less, and the machine is 
capable of converting a much larger power of current 
into mechanical effect. 

Fig. 16 represents a motor similar to tlie machine? 
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already destribed, but furnished with an electi-o- 
magiietic field, c is an electro-maf;;iiet of peculiai- 
form, the polar exti'emities of which are secured to 
a pair of inductors 6 ft, as already described. Tlie 
rate of rotation is reduced to oue-fift>i, and the 
power is takeu off by the cord/. 

Pig. 17 represents the same motor in cross sec- 
tion, and exhibits the armature, its wii-e envelope and 
packing pieces of wood occupying the field chambei'_ 
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In the original, represented by the engi'aving, the 
field-magnet is composed of a piece of boiUr- 
plate, fin. in thickness, curved to tlie form 
shown. The exti-emities of its limbs E and E are 
planed, and they make perfect contact with tlie 
exterior of the inductors, which are planed also. It 
is very important to insure that all "magnetic 



ELECTKO-MOTIVE MACHINES. 105 

coimections" shall be perfect. If the surfaces are 
I'ough or oxidised, tbe magnetic continuity will be 
broken, and the magnetic field weakened. The field 
magnet in question is- excited by a coil of wire en- 
veloping almost every pai-t of it, and four layers 
deep. It is composed of No. 14 insulated wire. 
The cm'reut leads, fii'st, through this coil and then 
to tlie fii-st contact spring, fram ivhii'h it passes 
thi'ough the enveloping coil of tlie ai'matm'e, and 
back to the electnc source by tlie second contact 
spiing. The motor is furnished witli an aiinature 
14in. in length. Widi a current of about five 
webers, the effective motive power is about 1,300 
foot-pounds. The electiical resistance of tlie arma- 
ture coil is 0-4 ohm, and that of the magnet coil 
1 ohm, a totid of 1-4 ohm, which is, however, con- 
sideiubly increased when the motor is in action. 

Starting from the position sho^vn in the figure 
the armature is rejielled by the magnetic field 
through one-fourth of its revolution. This biings 
the poles within the influence of the reveree polari- 
ties of the field, and the armature is attra^sted 
thi-ough another ijuajter of a I'evolution, The posi- 
tion is now again as represented in tlie figure, but 
the poles are changed. At the instant of reaching 
the medial line of the magnetic field, the cuiTent is 
reversed, and repulsion ensues, then attraction, " 
then another reversal, and so on, as in the cases 
previously described. Fig. 18 exhibits the same 
■form of motor, furnished with a permanent magnetic 
field. 

The exti-aordinary efficiency of this foim of moto' 
is very greatly due to the fact that the armatui 
has relatively very little motion . No fraction < 
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an instant is allowed to pass witliout throwing duty 
upon the magnetic field. Thus, in the model repre- 
sented at Fig. 7 there are considerable portions of 
the revolution, or a considerable percentage of the 
total time, dming which the actuating ciuTent is 
allowed to remain idle. The Siemens form of 
armature fully utilises tlie power of the current 
dming each revolution. Its relatively small motion 
is Qompensated for by its peculiar prolonged form, 
which makes it equal, in effect, tu a great number 
of small magnets rotating upon one axis. 

I 

W The engine represented in the upper portion of 

I the first page is designed in a manner similar to 

I that alreatly described. It is furnished with an 

I electro-magnetic field of boiler-plate, connected to 

I two inductors & i as before. The contact edges 

I and faces are planed to msure continuity of mag- 

I netic circuit. The armature is of the kind already 

B described. The current is reversed by the comnm- 

^^^^ tator at each half revolution, by means of the 
^^^^k jidjiistahle contact springs. The current entei-s from 
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the source at +, passes oi'ound the field magnet, 
and so to the first contact spring. Thence it 
flows, by v/ay of the commutator, through the arma- 
ture-exciting coil, and so, by way of the second 
spring, to the electric source, g is the strap by 
which the power is taken off for external pui^wses. 
The base a a must not be of iron, unless separating 
pieces of brass be employed, with brass bolts, in 
order to break the magnetic continuity between the 
inductors. 

Fig. 19 represents this motor in section c is the 




core of the field magnet, the exciting coil of which 
is divided into two sections, wound upon each side 
of tiie core ; d the wiies, two layers being repre- 
sented, but in the machine itself there ai'e four 
layers ; a a is the anuature, with its wire coil 
of foui' layei-R (two layere only are sliown) ; e e nre 
screws or holts making the magnet core fast to the 
inductors. 

The engi-aving in the lower poilion of the opening 
page of the work is of M. Trouve's electro -motor. 



108 ELECT&O-HOTOBS. ^^M 

employed by him for the propulsion of light plea- 
SLU'e boats, tricycles, etc. It is also furnished witli 
an electi'o-maguetic field, which is created between 
the imluctoi-s a a. The armature revolves in this 
chamber. 6 is a portion of the electro-magnet, which 
is excital by the wu'e coll c, wound aiound its 
rectai^lai' or U bend. The curreut enters at +, 
thence passes by the commutator ai'ound the ^niia- 
tm'e coil, and from tliia by the lower commutator 
spring to the field magnet, after exciting which it 
flows back to the electi'ic stjurce by the tenninal 
mai'ked — . The useful motive power of the ma- 
chine is taken off from a pulley by the band. 
"When the pulley is small, this band is crossed to 
afford a better beai'ing upon the circumference. 

In these machines, when lai"ge, a bundle or spring 
of hard-di'awn copper wires ^vill usually be found 
to make a more satisfactory commutator spring 
than a single piece of brass or copper. Copper 
suffers less by sparks than brass or steel. Platinum 
suffei's less than most metals, but it is usually too 
soft to stand the necessary friction. Iridium, which 
is not much affected by the spai'ks, and is exceed- 
ingly haitl, would probably answer best, but it is at 
present too costly, and is not readily obtainable in 
the required form. Hai-d-rolled thin sheet copper 
may be used in some cases, in numerous lamituB, 
arranged so that the beai'ing ends shall form an 
angle against the commutator. 

The brashes must in aJl eases be so set as to 
reverse the cmrent at the mstant when the armature 
poles ai*e passing thi'ough the medial line of the 
magnetic field. When the velocity of rotation is 
very great, it will be found that the theoretical line 
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of reversal must be departed from. The brushes 
must then be adjusted so as to co'mpeiisate for the 
time necessoi-y to magnetise aud demagnetise the 
armature. In most cases the revei^aal of the cur- 
rent must be effected in advance of the theoretical 
point. When it can be effected, botli contact 
brushes should be fixed in a bracket with two 
branches, capable of motion on the axis. By these 
means any movement of one bmsh is communicated 
to the other, and the brushes lu'e maintained at 
diametiically opposite points of the commutator. 

In the construction of the machines, insulation, 
where insulation is necessaiy, must be coviplete and 
unmistakable. This refers to magnetic as well 
as electrical insulation. The insulating covering of 
the wires may be silk or cotton for small machines, 
preferably after being nin through melted solid 
paraffin. The sizes of ivire for small machines 
vary from No, 13 to No. 18. For tlie larger ma- 
chines the wires may be covered with cotton or 
hemp, and treated either with varnish or paraffin. 
Shellac varnish is however preferable in cases where 
heat is Ukely to be involved. The sizes of wu-e may 
vary from No. 6 to No. 16. In most cases where 
wire is wound upon iron direct, tlie sm'face should 
first be freed from roughne^es likely to chafe the 
insulating coveiing, and the angles should be 
rounded. The surface should also be treated with 
a coating of Japan vaniish, baked on, or applied 
while the iron is hot. Guttapercha, wood, and 
ebonite should be used to insure insulation. Ebonite 
should not be used in the construction of commutator 
cylindei-s, because the heat developed by friction 
softens it. When a wire is attached to another 
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wire, or to the commutator, and iii every case oF" 
effecling i-irvuil jmictioiis, tare must be taken to 
insm'e that the t.-onuectiou is metallic aiul clean. 
The sm-faces must also be pressed closely togethei', 
otherwise oxidation may be set up oud the junction 
destroyed. In many cases the eiids of wii'es should 
not oidy be twisted togeUier, bnt soldered also. 
The resistance offerol by bad jomts may reduce 
the efficiency of tbe macbine eooi'mously. 

Magnetic insulation is m<H'e ea^y effected than 
electricid insulation — that is, it is only necessary to 
use either wood or other non-metallic substance, or 
those metals not affei'ted by magnetism, such as 
brass and copper. Magnetic continuity is lese 
easily effected. When two soi'faces come in contact, 
and when it is deared to pass magnetic polaiity 
thi-ough the junctiou, as in the case of field 
magnets and polar inductoi-s, the surfaces sliould be 
planed or otherwise rendered level to iusure their 
touching all over the area. The pails must also be 
firmly secm'ed together by mechanical means, iron 
screws and bolts being used in preference to copper 
or brass. 

In the cose of the Siemens machines employed 
in the propulsion of railway carriages, the velocity 
is reduced to one-third, by means of a chain con- 
netlion. In most cases, where these and other 
machines are used it is advisable to reduce the 
velocity ; but this may be done in many instaiices 
mthont any reducing geai' on the macliine itself. 
The velocity of the armature is necessaiily very 
great, and care should be taken to provide means by 
which tlie maximum speed maybe freely developed, 
otlierwise the effective power uf the macliine may 
be reduced. 
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Siemens' Modified Armature. — Enough has al- 
ready been said to show why the ordinary Siemens 
armature yields so large a retuni of power for the 
cuiTent expended in moving it, and why it must he 
regarded as an electro -magnet of peculiar slmpe. , 
At eaiih revolution of the annature there are two 
attractions or periods of attraction by the force in 
the magnetic field, caused by the flow of direct 
cun'ents around the armature ; and two repulsions 
or periods of repulsion by the force in the field, 
caused by the flow of inverse cm-rents. Extending 
the idea of the assumption of polaiity by the poles 
of the armatm-e alternately in one given dii'ection, 
it is not difficult to believe that if a complete cylinder 
of iron were used instead of a rail-shaped bar, each 
portion of it, when i"0tated in the magnetic field 
would successively become either N or S ; or an N 
and S polarity would be constantly maintained, 
whether the aimature moved or remained fixed. 
These induced polarities would of course he opposed 
to the polai-ities of the magnetic field, since, when 
such a cylinder of ii'on is rotated in the field each 
portion of it becomes magnetised, it is clear that if 
the cylinder were completely enveloped with a layer 
of insulated wire, wound longitudinally, cunents 
corresponding to the assumption of polai'ity by the 
underlying iron would be developed in the wii-e — 
that is, wlien the anaature is used as a generator. 
When employed as a motor, the attractions and 
repulsions of the simpler aimature would ensue, 
but in this case, since die iron and enveloping coil 
are contumous, it may he assumed that a cmstant 
utdiroken strahi of attraction and repulsion would 
be kept up between the magnetic field and the 
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arniatui'e. This is, in fact, the Siemens modified 
ai'inature, now used in the dynamo -electric and the 
electTO -dynamic machines of that type. It consists 
of a complete hollow cylinder of iron, long and 
narrow, like the simpler armat»u"e, and rotating on 
an axis running in the direction of its length. The 
surface of the armature is completely enveloped by 
insulated mre, wound in sections over tlie sides 
and ends, and communicating with a commutator 
on the axis. On account of the inductive influence 
upon the iron cylinder being exerted at diametri- 
cally opposite points of its surface, the tivo sides of 




the cyhnder between tliese points may hi 
to foi-m the body or central portion of an induced 
magnet, so that there must ensue a mutual inter- 
change of force between the two opposite points 
occupying at any moment the medial line of the 
magnetic field. Hence, tlie sections of the wii-e 
enveloped are connected togetiier in a certain 
manner, which may he undei'stood by reference to 
Fig. 20. N and S represent the poles of the field 
magnet, placed in this case in a vertical line passing. 
through the axis of the anuature. The cenl 
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portion of the ditigram represents the eiid of the 
iron cyUndi-ii;!!! armature, and the arrangement of 
the comraeiiciiig and terminating extremities of each 
of the wire seetious spoken of above c c, etc, are a 
series of twelve plates, usually of copper, arranged 
parallel with the axis of an insulating commu- 
tating cylinder. Each plate is furnished with two 
connecting screws to receive the wires as shown. 
The wire sections ai'e so connected to the plates 
that, while the commencing end of No. 1 section is 
fixed to No. 1 commutator plate, the finishing end 
of the same section is cairied round to the opposite 
plate as represented. This is carried out all round 
the circle. Collecting brushes press upon opposite 
diameters of the cylinder, and supply the current 
(or collect it when the machine is used as a gene- 
rator). The field magnet is composed of a series 
of iron bars, curved to the form represented in Fig. 
90, and excited by four cods. The current first 
passes through the field magnet, and from it to one 
of the commutator brushes, thence through the 
ai'matuie and back to the electric source by the 
opposite commutator bmsh. Other details of the 
construction of this machine ai-e so amply treated 
upon in treatises on electric lighting, in which also 
drawings are provided, that a fuller description of 
it here would be deemed superfluous. 

Gramme's Armature. — This armature consists of 
B. ring of soft iron, capable of rotation in a vertical 
plane. Its surface is enveloped by an endless helix 
of insulated wire, several layera deep- Fig. ^1 ■will ' 
render this arrangement more clear, where the ring 
is represented as free to rotate in a magnetic field 
induced by the electro-magnet. The connection 
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between the armature helix and the external cir- 
cuit in this foiin of machine is different from that 

in Siemens's ma,chiiie. As already mentioned, the 
ring helix is complete. It practically forms ^ closed 
circuit wound upon eveiy pait of the ling. Each 
turn of wire repi-esented in the diagmm stands for 
a section of the complete helix. The connections 
to the commutator are as numerous as the coils. 
One connecting wire learls from the commencement 




of each section to a corresponding contact plate on 
the commutator cylinder, as in Siemens' machine. 
Each finishing end of each section leads, however, 
in this case, to the beginning of each succeeding 
. section. Hence, the circuit between the commu- 
tator bruslies consists of all the helical sections on 
one Jialf of the ring, or on either half, or on both 
halves together, forniing a thvided circuit, accoii" 
Irg to the direction of the current. 
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As the ling is caused to rotate (employing the 
machine m a generator) in the magnetic field, oppo- 
site poliuities are indiiceil iii diaiiietiically opposed 

portions of the ring, as in tlie modified Siemens 
armature. Each of these diametrically opposed 
portions may therefore he reganled ns an electro- 
magnet, in which a cmrent is induced. These 
■cuiTents are assumed to flow towaiils each other 
and to meet at points equitUstaut from the poles 
•of the maguetiu field. They are assumed to act as 
in a divided circuit, flowing through the two halves 
■of the ring, meeting and forming a uniform current 
in one direction at the couiinntfitor bmshes. If 
the comjnutator brushes were removed, no useful 
■currents would be developed, since they would be 
neutralised by meeting opposite cuireuts. The 
portion of the circuit between the brushes {the 
<axtemal portion) therefore completes the circuit 
necessary for the development of cmTents by the 
ring. 

It may be assumed that as the Gramme anna- 
ture, when rotated in a magnetic field, gives rise to 
n continuous flow of cuiTent in one direction, any 
<;urrent passed into it instead will produce a con- 
stant attraction and repulsion between the magnetic 
field and the magnetism of the ring. This attrac- 
tive force will be so exerted that motion will ensue, 
and the repulsive force will conduce to the con- 
tinuance of this motion. Tlierefore the Gramme 
Armature may be regai-ded as eminently adapted 
for use as an electro-motor. It may be assumed 
that at no part of the revolution is the tendency to 
motion more or less powerful than at any other 
part of the revolution. 
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Ill the Gianmie raathiues the ai-mature is com- 
posed of a liiig core of soft iron wires, forming, 
bowever, a complete circle. Tlie wiie is wound on 
ill sections several layere deep. A great numlier of 
these sections are employed. Tlie commeuciug 
extremity of each section is connected to a copper 
commutator plate. These plates are anauged 
radially around the axis, towards one ade of the 
ling, and their edges project slightly from the 
cylindrical surface of the commutator insulating 
cylinder. 1,000 foot-pounds, or the thirty-thii^ 
part of a horse power is a common motive power 
for a Gmmme motor of small size (5in. annature). 
The ordinary Gramme light machines, of the small 
Bize, retjuiriug, when used as generators, an expen- 
diture of about three horse-power, yield as motors, 
tlu'ough a moderate resistance, nearly IJ hoi-se 
power. 

Eecipj-ocating Motors. — These are in most cases 
very inefficient. Attraction to the poles of a mag- 
net in a du'ect line, even if followed by repulaou, 
is wasteful of energy, inasmuch as the distance 
moved thi'ough is exceedingly small, and a veiy 
conaderable number of strokes must be taken by 
the aimature in a short .time to piTMluce much 
effect. The principle of the solenoid is better ; 
but the interactions which talie place when a 
plunger is sucked into a hollow coil and then 
expelled are almost identical with those involved in 
the motion of the Gramme airaatui'e. Since, there- 
fore, the principle of the action in reciprocating 
motore with solenoids can be utilised by the rotatory 
movements of Gramme's aiTiiature, it is evident 
that the reciprocating motor is under gi-eat ( 
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raiitage, revei-sals of direction of motion being' 
wasteful of energy. In fact, one revolution of a 
Gramme armature may be assumed to be equal to 
a great many strolies of a reciprocating engine of 
this kind, iictuated by an equal cuiTent. In any 
motor where the moving armature is attracted 
jiimply to an electro-magnet, and then iJlowed to 
(continue its movement by demagnetising the mag- 
net, and inertia, a great loss must occur. The 
residual magnetism tends materially to retard the 
jjragi'essive movement of the armature. 

T)ie Inverse Electro-motive Force. — It is generally 
assumed that all efficient electro -motors tend to 
<Ievelope an electro -motive force reverse of the 
driving cunenti Tliis inverse electro -motive force 
may be measured as resistance, so tliat as the 
inverse force increases the direct current decreases. 
Tlie result is assumed to be increased efficiency. 
Differences of opinion, however, exist as to the 
real effect of the inverse force, some authorities 
maintaining that it must necessaiily lead to a loss 
<)f energy, and others holding that it is this back 
electro-motive force that makes the machine a motor 
at aU. 

On this latter point, Prof. Ayi"ton, F.B.S., says, 
*' This induced current (inverse, force) therefore 
must 'be taken into account in calculating the effi- 
<;iency of an electro-motor — in fact, not only must 
be taken Into account, but experiment shows us 
that it Is tills tendency of the elect j-o -motor to send 
a back cmrent that makes It au electro-motor at 
Jill. . . , When an electro-motor is worked 
by a given galvanic battery, calculations lead us to 
the result that If we wish to produce the inork most 
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economically we must, by diminishmg tlie load oir 
the motor allow, its speed to increase until the 
reverse current it produces is only a little smaller 
than that sent by the battei'j — in fact, until the 
cuiTent ch'culating through the arrangement is very 
small, ill which, case the efficiency of tlie engine, or 
the ratio of the work it produces in a given time to 
the maximum of work it could produce from the 
same consumption of material, is nearly unity. If, 
on the other hand, we desire a ffiven battery to cause- 
the motor to do work most quickly, independently 
of the consumption of material, then calculation 
tells us that we ought to put sucli a load on the 
motor that its speed will send a reverse current 
equal to something like one-half of the strength of 
the current the battery could send tlu-ough the 
motor when at rest. In this case the efficiency- is 
about one-half, or half the energy is wasted in heat." 
(British Association Meeting at Sheffield, August, 
1879.) 

Dr. Werner Siemens, on the same point, speaks 
as follows : " "When one dynamo machine is driven 
by auothei', the driven yd\l generate a cun-ent in 
the opposite direction to that produced by the driv- 
ing machine, from which consideration it is evident 
that the maximum power must be pixtduced at a 
certain speed for the diiven machine ; and by th& 
author's calculation for two similar perfect machines 
this would be when the driven machine is iimning 
at one-third the speed of the other. By a perfect 
dynamo machine is understood one in wliich the 
mass of the ii'ou is such that the magnetic intensity 
is proportional to the current in the convolutions, 

' in which, when the cun-ent is closed in itself. 
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the work is proportionaJ to the third power of the 
velocity of rotatiou. In practi(;e this is not so, 
owing to the increase iu the resistance of the bmsh 
contacts, and the molecular resistance of the iron to 
magnetisation at the higher velocities. This being 
the velocity at which the maximum work is produced 
does not mean the efficieniry of the machines is only 
one-third, hut the power reproduced in useful work 
is proportional to the velocities of the two machines. 
From numbers of experiments recently made at 
moderate velocities, the useful work was 40 to 50 
per cent, of the expended, and at higher velocities 
as much as GO per cent, was obtained. It is per- 
haps merely a question of the size and velocities of 
the driving and diiveu machines whetha.- a still 
higher percentage of power may not be regained." 
On tlie same subject, and dealing specially with 
the question of the relative speeds of the driving 
and driven maclunes, Dr. C. W. Siemens, F.R.S., 
at a special meeting of the Society of Telegi'aph 
Engineers and Electricians, said that "It is a remark- 
able circumstance in favour of the electric trans- 
misaon of power that while the motion of the 
electro-magnetic or power-receiving machine is 
small, its potential of force is at a maximum, and 
it is owing to this favourable circumstance that the 
electric train (in the case of the electric railway at 
Berlin) starts with a remarkable degree of energy. 
"With the increase of motion the accelerating power 
diminislies until it comes to zero, when the velocity 
of the magneto or driven machine becomes equal to 
that of the dynamo or current-producing machine. 
Between the two limits of rest and maximum 
velocity, the driving power regulates itself accord- 
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ing to the velocity of the ti-aiii ; thus on an ascend- 
ing gi-adient the speed of the train diminishes, but 
the same eifect is automatically produced ■which 
results from the turning on of more steam in the 
case of the locomotive engine. When mnning on 
the level, the velocity of the ti'ain should be such 
that the magneto -electric machine should make 
one-half to two-thirds as many revolutions per 
minute as the dynamo -electric. When descending, 
the speed of the magneto- electric machine will he 
increased, in consequence of the increased velocity 
of the train, until it exceeds thai of the dynamo- 
electric machine, from which motion the functions 
of the two machines will be reversed : the machine 
on the train will become a current generator, and 
pay back, as it were, its spare power in store, per- 
forming at the same time the useful function of a 
brake in checking further increase in the velocity 
of the train. If two trains should be placed upon 
the same pair of Vails, the one moving upon an 
ascending portion, the other upon a descending 
portion of the same, power would he ti'ansmitted 
through the rails from the latter to the former, 
and the two might therefore he consadered as con- 
nected by means of an invisible rope, ... In 
transmitting the power of a stationary engine to 
a running train, the proportion of power actually 
transmitted varies witli the resistance or speed of 
the train, reaching practically a maximum when 
the velocity of the machine on the train is about 
equal to two-thirds that of the current- generating 
machine, at which time more than 50 per cent, of 
the power of the stationary engine is actually 
utilised." 



CHAPTER VIII. 

Electric Railways. 

The development of the piinciple of converting 
motive energy into poweriul electric cuirents, led 
to the idea of transmitting power through con- 
ductors to any required distance. This could easily 
he accomplislied by tlie aid of the correlative prin- 
ciple of transforming electric cuiTents into motive 
power. It is evident, for example, that if a dynamo- 
electiic machine produces an electric cuiTent of 
the power of ten hoi-ses, this current may be 
transmitted through a suitable conductor to a cer- 
tain distance, dependent upon the resistance of the 
conductor, then passed through an electro-motor, 
■so as to reproduce the energy as motive effect. 
This cannot be done without a certain loss. But 
neither can the steam engine be ivorked without 
enormous loss. The loss sustained in the case of 
electric transmission of power is very small when 
■compared with that involved in the transmission 
of energy by means of compressed air, water, or 
■other ponderable fluid. The efficiency of the new 
means suggested by the pvodiiction of powerful 
■electric currents at small cost having been found 
to be higher than that of compressed air or other 
method, led naturally to the conception of an 
electric railway, or a system of conveyance in which 
the carriages ^yould be propelled by an electro- 



V^ ELECTKO-MOTORS. 

motor. One fact was of supreme importance in tliis 
connection. It was that the electric enerffy might 
be transmitted along the line through either of 
the rails, and that it might actually be supplied t& 
a moving electro-motor through africtional contact. 
Such a method of commuuicatiDg energy woidd be 
impossible by any otlier means known to man. 
TIuis it was conceived that it was unnecessary to- 
convey in the carriage itself the materials for pro- 
ducing the electricity, or even the electricity itself 
in a condensed or stored form. The actual energy 
could be produced by a stationary machine, sitnated 
at any distance from the train itself. It was only 
necessary to allow a brush of metal, or other suit- 
uhle collector attached to the train, to continuously 
touch the cm-rent-bearing rail. By these means 
the electric energy could be passed through the 
electro -motor, so completing the circuit by the 
other rail. This immense advantage included 
many others. It offered to allow of a considerable 
diminution of weight in the rolling-stock of rail- 
ways ; it shadowed forth the possibiHty of doing 
away mth the ponderous steam locomotive, carry- 
ing its own energy ; it promised to afford a means, 
hitherto impracticable, of immensely increasing 
the tractive power of a milway train, so that it 
might in safety ascend steep gradients and start 
rapidly. This could clearly be accomplished bydis- 
tiihuting the motive force along the train. In 
short, by entirely abandoning the use of a separate 
locomotive, and fitting an electro-motor to each 
carriage, which would thus be capable of moving 
itself. "With reference to this point, Captain 
j Gallon, yeara before electric railways were thougl ' 
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of, suggested, in one of his official reports on the- 
brake power and high sp^ed of trains, that 

"The advantage which thtis evidently; ensues from utilising 
the adhesion of every wheel uf a train (in farakee) suggests the 
farther consideration as to whether it would not be a more .scien- 
tific arrangement, as well as more economical in regard to the 
permanent way of railways, to utilise the adheaion of eVeiy 
wheel of a train for causing a train to move forward instead of 
depending for the moving force upon the adhesion of one heavy 
vehicle alone, viz., the locomotive." 

The advantage of thus attai;hing an tlectro- 
motor to each axle of the train, or at least to each 
vehicle, would result in greatly -increased safety to 
the passengers. It would result in less damage 
to goods, less wear and tear generally, aud add to 
the facihty of passing safely round curves. The 
electric railway also promised to afford almost 
absolute immunity from accidents, by means of the 
facility witli which the cuiTent upon each sectioB 
of the line might he instantly suspended in case of 
danger. It might also be instantly reversed, so 
causing two n,pproaching trains to come to a stand 
and move in the reverse direction. It will he 
evident from this consideration that no brakes 
would be necessary or so effective, in the case of 
an impending collision, as the instantaneous 
reversal of the motors throughout the train. The 
lightness of the train would greatly contribute to a 
rapid stoppage, evenly distributed. In addition to 
these more substantial advantages, the proposat 
to propel trains by electricity derived from the 
fixed i-ails promised to do away with the nuisances 
attending the use of steam locomotives. Since no 
energy would be created in the train itself, there 
would be no waste, such as ash, smoke, and steam,. 
to dispose of. Thus the c'ontamination of the 
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atmosphere, more especially with reference to 
underground lines, could be entirely avoided, and 
the deterioration of the ironwork of tunnels and 
bridges by the gaseous exhalations of the steam 
locomotive would entirely vanish. 

Some authorities have given it as theii' opinion 
that trains might be propelled by electricity as 
«heaply as by means of the steam locomotive. 
They base their ai'guraent, first, upon the great 
■expenditure of coal per liorse power in the \vorlt- 
ing of steam locomotives, an expenditure from five 
tX) ten times as great as that incurred per horse 
power in the working of large compound condens- 
ing stationary steam engines ; and, secondly, 
upon the high efficiency of the dynamo- electric 
machine, which converts over 90 per cent, of the 
power of the steam engine into effective electro- 
motive currents. We have seen from the experi- 
ments carried out to determine the efficiency of 
the dynamo-electric machine when used as a 
motor, that at present the energy of the motor is 
nearly 50 percent, of that expended in driving the 
■current -generating machine. By these means it 
would appeal' to be possible to actually propel raU- 
■way trains by electricity at an expenditure for 
power, through moderate resistances, little if any 
greater than that at present incurred by the use 
of steam locomotives. The element of resistance 
IS, however, one of great importance. To secure 
results approximating to those proposed, the lead- 
ing rail or conductor would require to be of small 
resistance, and its insulation effective for cun-ents 
«f low tension. 

The idea of an electric railway was first mooted 
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by Dr. Wenier' Siemens, at Ptiris, in 1867, when 
he discussed with the members of the Paris 
Exhibition jury the pussibiUty of elevated railroads, 
worked by the electrical method of transmitting 
power. It is only about five years ago, however^ 
that opportunites presented themselves to Dr. 
Siemens to actually develope his ideas upon this 
subject. The starting-point appears to have been 
a request made by the owners of a coal-mine to 
be supplied with an electric lucomotive for con- 
veying coals in the mine. The result of this first 
practical experience of the propelling power of 
electricity was that Dr. Siemens constructed a 
small electric railway, and exhibited it on the 
occasion of a local exhibition at Berlin, in the 
summer of 1879. This railway was subsequently 
exhibited a.t Diisseldorf, Brussels, and in London 
(at the Crystal Palace in the summer of IfcSI). 

This railway, as arranged at Berlin, was cir- 
cular. It had a total length of about 350 yards, 
and the gauge was about 3ft. Sin, (1 metre). The 
two rails being laid upon wooden sleepers in the 
ordinary manner, were sufBciently insulated to- 
serve as conductors of the current, but it was 
considered more satisfactory to fix a bar of iron 
on wooden supports, centrally between the two 
rails, and running parallel with them. From this 
bar the electric current might be taken off by the 
train by means of a friction brush, or a metal 
pulley bearing upon the conductoi-. 

On the grounds near by was fixed a dynamo- 
electric machine, driven by a steam engine, the 
expenditure of energy being about five horse 
power. The current from this fixed machine was- 
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led to the conducting rail. Upon this railway 
train of four cai'riages was placed. Upon the first 
-carriage wus moimted a medium- sized dynamo- 
electric machine, capable of exerting a motive 
power of three horses. The revolving axis of the 
machine was connected to the axles of the carriage, 
so as to impart its motion to them, A metallic 
bnish fixed to the electric locomotive collected the 
■current from the conducting rail, and led it 
through the motor in the usual manner. Between 
twenty and thirty persons could be jxccomraodated 
in the train, the conductor riding in the first 
<-arriage, to whicli the form of a small locomotive 
was given. The electric locomotive having been 
fitted with a commutator, by means of which the 
starting, stopping, and revei-sing might be effected, 
the train was under perfect control of the con- 
■ductor. When the carriages were prevented 
from moving, the motor exerted a pull upon them 
of about 2cwt, {200 kilos.), and when the train 
was in regular motion, the pull varied between 
l^cwt. and IJcwt, (70-80 kil.), which represents, 
at the nornjal speed of 10ft. per second, nearly 
three horse |K)wer. 

A velocity of between fifteen and twenty miles 
per hour could be easily attained on this railway. 
Crowded tmins left the station every five or ten 
minutes, and the pennies paid for the privilege of 
a seat in the train protluced a considerable sum 
for the benefit of local charities. The railway 
was in constant operation in BerUn for several 
mouths, when it was removed to Brussels. 

Regarding the working of this railway. Dr. 
"Werner Siemens remarks : " Here It was noticed 
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liow slight a variation of speed was caused if the 
■cai's were doubly or trebly loaded or empty." 
Dr. C. W. Siemens recently yaid, "It is a, 
remarkable circumstance in favour of the electric 
transmission of power that while the motion of 
the electro-magnet or power- receiviug machine is 
small its potential of force is at its maximum, 
and it is owing to this favourable circumstance 
that the electric train starts with a remarkable 
degree of energy," 

"With the increase of motion the accelerating 
power diminishes until it comes to zero, when the 
velocity of the magneto or diiven mat-Iiine becomes 
ei|ual to that of the dynamo or current-producing 
machine. Between the two limits of rest and 
maximum velocaty the driving power regulates 
itself according to the velocity of the train. Thus 
<m an ascending gradient the speed of the train 
diminishes, but the same effect is automatically 
produced which results from the tuniiug on of 
more steam in the case of the common locomotive. 
"When running on the level, the velocity of the 
train should be such that the electro-motor should 
make one-half to two-thirds as many revolutions 
yer minute a.s the dynamo-electric machine. When 
<lescending, the speed of the electro -motive machine 
will be increased, in consequence of the augmented 
Telocity of the train, until it exceeds that of the 
dynamo-electiic machine. From this motion the 
functions of the two machines will he reversed : 
the machine on the train will become a current 
generator, and pay hack, as it were, its spare 
power in store, performing at the same time the 
useful action of a brake, in checking further 
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increase in the veloi;ity of the train. If two trains 
were placed upon the same pair of rails, the one 
moving upon an asceiidii^ portion, the other upon 
a descending portion, power would be transmitted 
throu^'h the rails from the latter to the former. 
The two trains may thus be considered as con- 
nected by means of an invisible rope. {The sub- 
stance of these views of the relative action of the 
two machines, as enunciated hy Dr. Siemens, is 
also given in the chapter devoted to the treatment 
of the efficiency of machines.) 

In transmitting the power of a stationary steam 
engine, by means of an electrical current, to a 
moving train, the proportion of energy actually 
transmitted varies with the resistance or sjieed 
of the train. It reaches a maximum when the 
velocity of rotation of the machine on the train is 
equal to two-thirds that of the current-generating 
machine, under which circumstances more than 
50 per cent, of the power exerted by the stationary 
steam engine is utilised in moving the train. 

The experience gained in the working of the 
Berlin experimental railway, in 1879, led to the 
conception that the electro-motor might be utilised 
to greater advantage by dispensing with a special 
locomotive and attaching a motive machine beneath 
each car of the train, with the wheels of which it 
would be connected. Small as the electric railway 
was it clearly demonstrated the practicability of 
this method of propulsion. It illustrated the 
advantages of employing light carriages, and of 
being able to propel them without noise or smoke. 

These considerations led Messrs. Siemens and 
Halske to lay before the authorities of Berlin 
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a plan for an elevated electric railway through 
one of the streets in the city. It was to be 
6J miles in length. It was proposed to erect 
along the kerbstones of the street iron columns, 
formed by channel irons, about 11 yards apart, 
and carrying wooden sleepers on the top, which 
in their turn supported longitudinal girders, 
to insure stability of the structure. Wooden 
struts keep the girders apiu't, and serve at the 
same time to insulate them from each other. The 
clear level height, from the level of the street to 
the underside of the girder, is about 14ft. 6in. 
(4"4 metres), and the depth of the girder about 
6in. (40 cm.). Steel rails are laid on top of the 
girders, and the girder and rail on one side serve 
as the conductor from the primary machine, the 
other rail and girder forming the return portion 
of the circuit. By these means the electricel resis- 
tance of the Hue is reduced to a very low figure. 

The gauge of the line was one metre, and the 
carriages, resembling ordinary tramcars, were to 
be about 5ft. 5in. broad {l-Gij ra.), and Sft (2 46 m.) 
high above the rails. The electro -motor, placed 
underneath each car, imparts its motion by means 
of belts to the two wheels, which must be insu- 
lated from each other, since the current arrives by 
one rail, passes through the machine, and returns 
by the other rail. 

The speed at which these carriages were 
intended to travel is 30 kilometres (18-6 miles) 
per hour. Ten of them were to be placed upon 
the railway, of which number six would be in use 
and four in reserve. Ten horse power was .to be 
supplied for di"iving each primary machine of each 
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cjirriage. The cost was carefully ealeulateil from 
the experience already gained, aiid as it will sei-ve 
as an indication what such rail ways may he expected 
to cost, a short summary of the principle items 
will not be out of place. 

COST OF 6i MILES (10 KILOMETRES,) ELEVATED-b 
RAILWAY, SINGLE LINE. 

Railway itself, including in stations ^l.OOOfl 

Ten carriageB to accommodate 16 persons each 
Stationary steam engine and dynamo-electric 

machine 

Buildinga 

Land 4,600^ 

Oeneral ezpenees 715 

^72,500 
or about ^£11,600 per mile. This estimate includes 
the cost of erection of the railway, and of the 
■station at which the steam engine works, together 
with the necessary buildings to protect the rolhug- 
Gtock against the weather when not in use. The 
cost of working the railway was calculated to be 
■for one year. 

CURRENT EXPENSES. 

Wagea AIM 

Fuel 

Oil and Waste 

Light 

^£3,4301 
DEPRECIATION AND REPAIRS. 
3 per cent on ^62,500 (Railway and Buildinga) il,fi76 1 
16 „ on ^5,000 (Carriages and Machinery) """ 

£2,67& i 

INTEREST ON CAPIXAL. 
B per cent on £75,500 ^3,626 J 

Tola] cost per annum £9,720 I 
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Or about ^4-6 i 



aile 1 



. Tlie iutention 
was to run about 200 trains per day, and if the 
<;harg;e of Id. per mile Imd been made, the ^4-0 
per mile could have been earned, if on the 
average five or six persons had been conveyed in 
•each case. 

The necessary concession for this electric railway 
was not granted, partly because the inhabitants 
strongly objected to having people looking into 
tlieir first-floor windows, and partly because the 
Emperor did not wish to see the " Linden," which 
the railway had to cross, disfigured. 

Subsequently, however, Messrs. Siemens and 
Halske obtained permission to build a railway on 
tbe ground level from Licbterfelde, a suburban 
station on the Berlin-Anhalt Railway, to the 
Military Academy in Berlin, and this railway was 
-■successfully opened foj* regular traffic in May, 
1881. 

So great has been the success attending the 
■working of the railway that it has since been con- 
siderably extended. It was in the first instance 
■extended to Tetlow, and afterwards as far as 
Potsdam. It is being further extended to Steg- 
litz. The railway at present works regularly 
without a hitch. 

The first section, that to Lichtei-felde, is a simple 
line of a gauge of 1 metre, and a little over IJ 
mile in length. The permanent way has been 
•constructed in exactly the same manner as that 
of ordinary railroads. "Wooden sleepers and steel 
rails are employed, the rails being connected, in 
Jiddition to the usual fish-plates, by short straps 
of iron, curved in the shape of a bridge, so as to 
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admit the aJjustmeiit of the rails to different 
temperatures, and to diminish at the same time 
the electrical resistance. As the currents are low- 
tension currents, it is not necessary to provide 
further insulation, and no difficulty is experienced 
in using one rail as the positive and the other as 
the negative conductor. 

"^'ith special reference to the Lichterfelde 
section of the line, which was first put into prac- 
tical operation, about a thii-d of a mile from the ■ 
Lichterfelde station, the primary machine with its 
steam engine is erected in the engine-house of 
the Lichterfield water -works, and the current is 
cenveyed thence to the rails by means of two 
underground cables. The cars are exactly similar 
to the ordinary tram horse-cars, and are con- 
structed to accommodate twenty peraoDS besides 
the guard. One car is run at a time, but two or 
more may he placed upon the rails if required. 
The car is provided with gear, by means of which 
it can be caused to move in either direction. It is 
also provided with a brake and a signal bell. The 
electro -motive machine is fixed beneath the car, 
and is connected to the axles by means of spiral 
steel springs, by which means a certain momentum 
may be acquired by the motor, before the resistance 
of the car is thrown upon it. These means also 
cause the car to start without a jerk. Either 
belts or a chain may be used, and ai'e being 
employed in other instances for the same pitrpose- 
The tires of the wheels are insulated from the 
axles, and are in electrical connection with brass 
rings fastened npon the axles but insulated from 
them. Contact brushes press against tliese brass 
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rings and take off the current, conductiug it in 
this way through the motor machine. The start- 
ing gear merely consists of a circuit completer. 
The reverser is a commutator reversing tlie direc- 
tion of the current. 

The authorities were for some time doubtful 
liow to class this novel railway, and after long 
-deUberation they decided to rank it as a one-horse 
tramcar. In consequence of this decision, the 
average speed of the electric car must not exceed 
9-3 English miles {15 kilometres) per hour, and 
the greatest speed at any moment must not exceed 
12'4 English miles (20 kilometres) per hour. The 
time for traversing the whole distance on the 
Lichterfelde section is therefore not less than ten 
minutes, although the car could make the journey 
• in half that time in perfect safety. When neces- 
sai-y, the electro-dynamic machuae on the eai-s can 
be short-circuited, so causing them to act as very 
powerful braltes. 

When a special permanent way can he provided 
for electric cars, as in the case just spoken of, the 
insulating power of the wooden sleepers is found 
to be sufficient. Various means may also be used 
to increase the insulated conthtion of the rails, 
such as chairs of glass, guttapercha or felt packing, 
or other like method. But in the case of running 
a line of this kind after the manner of a common 
tramway in streets, the insulation is not sufficiently 
good. This difficulty, it has been proposed, can 
be overcome by the use of tall posts, placed at 
intervals along the line, and carrying a naked con- 
ducting cable. A contact or trolly arrangement, 
communicating with the car by a cable, which also 
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serves to move the trolly forward, is proposed for 
use with tliis : but as suL^ll a system would be 
both olijectinuable on common roatls and impossible- 
iu streets, it will be necessaiy to devise u. means 
(if taking the current from a conductor on or 
lieuenth the surface of the street. The most likely 
plnii appears to lye by means of a copper or iroii 
conductor, which could be attached almost under- 
neath one of llie rails, and insulated from it with 
felt packing. If the rail were of a special shape, 
with its inner side cut uway, forming, as it were, h. 
protecting flange for the conductor, it might prove 
practicable by these means to take the current off 
by means ofayielding springbrushorroUing contact 
maker. The system might, of course, be duplicated, 
in the case of difficulty being encountered by leakage 
from one rail to the other in wet weather, smd 
means could probsihly be taken to prevent any such 
leakage when low-tension currents fire employed. 
At the Electricity Exhibition held in Paris in the 
autuQin uf 1881, Messrs. Siemens and Halske ran 
an electric tramcar reguhirly on the ground-line 
from a wooden station on the Place de la Concorde 
into the exliihition, which was held at the Palais 
de ITndustrie in the Champs Elysees. In this 
case the car was of the same construction as is 
usetl in the Lichterfelde line. It had an electro- 
motive machine attached beneath. The axis of 
rotation was connected with the two ^vheels of the 
car on one side by means of two chains, and the- 
rela'tive diameters of the axis and wheels reduced 
the velocity of rotation to one-third (Fig, 27). In 
the exliihition building tlie primary dynamo-electric 
machine was situated. It was at first tried 
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work the car by menus of taking the current direct 
from the rails, but it was found that iu an open 
street this could not conveniently or effectively be 




accomplished, since no special precautious were 
taken to effectively insulate the rails. It there- 
fore became necessary to erect a series of strong 
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iron pillars, carrying on the top a naked conductor, 
after the manner of a telegraph wire. From this 
the current was conveyed to the machine in the 
car hy means of a trolly running on the elevated 
conductor, and connected with the car by means 
of a wire cord. The appearance of the electric 
tramcar was very handsome. It attracted a great 
deal of attention in Paris, although similar cars 
had been regularly open for traffic in Berlin 
many months before. The method employed for 
" feeding " the motor machine witli current could 
not be used commonly, and it would add consider- 
ably to the constructional expense. It would 
therefore be desirable to devise a means, as we 
have already suggested, for supplying the current 
from the level of the street. It is very probable 
that the exhibition of this novelty by Messrs. 
Siemens will lead to the estabHshment of a per- 
manent elevated or street-level electric railway in 
or near Paris. 

Messrs. Siemens and Halske now employ a very 
compact and portable arirangement of combined 
steam engine and primary dynamo -el eclaic machine 
for use in connection with electric railways, or in other 
cases of the ti-ansmission of power hy electiical 
means (Fig. 28). It consists of a sohd and heavy 
casting, forming a base, to which is bolted a large 
dynamo -electric machine of the Siemens type, 
placed, however, vertically, or on end, instead of in 
the usual position. This allows free examination 
of the commutator being made. The steam engine 
is of a new rotating type, known on tlie Continent 
as Dolgorouke's patent. It has a double cylinder, 
.with two rotating pistons. The velocity of rofij 
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tion in this steam engine is so great that it may 
he connected direct to the axis of the machine. 
A small fly-wheel is, however, attached to the 
shaft to balance the motion. The horizontal steam 
-engine driving the current generating machines for 
the Lichterfelde Railway belongs to the pumping 
station of the Lichterfelde water supply, and is 
■only used temporarily. 




It is found that when two dynamo -electric 
machines are connected up in parallel circuit, or 
as one machine, as directed in a previous chapter, a 
gain of from 20 to 30 per cent, over the total force 
given by the two machines when working separately 
13 secured. By these means the currents for the 
■electric cars can be obtained at a lower rate. Two 
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machines are used to supply the current in the case- 
of the Lichtert'elde line. 

On the continent of Europe alone there are at 
the present time many other examples of electric- 
railways, and aiTangements are being rapidly 
pushed forward for ntore than one permanent line 
of considerable importance, hut the limits of the 
present work preclude the giving of descriptions of 
other examples. The Lichterfelde line being the 
first electric railway brought into practical use for 
ordinai'y pm-poses may also be assumed to present 
the best known means of constnicting and working 
such lines. 

While on the subject of electric railways, M. 
Achai-d's electro -magnetic wheel-brake may be 
mentioned. It is more especially applicable to- 
ordinary railways. Tbe apparatus attracted much 
attention at the Electrical Exhibition. It consists- 
of two iron rings, about two inches wide, attached 
to the axle of the carriage. A sepamte axle also 
carries two iron rings of larger diameter and fac- 
ing the firet. The separate axle and rings may 
be transformed into a powerful electro-magnet by 
a current generated on the locomotive, so that the 
four rings may be attracted together with great 
force ^vhen the current is turned (jn, thus retard- 
ing the rotatory motion. 



CHAPTER IX. 



Minor Applications of Electro-Motive Energy. 

The electro-motor has been applied to a consider- 
able number of purposes of a minor description^ 
with marked success. In the greater number of 
these instances other forms of motor would prove 
troublesome or inadmissible. There still exists a 
wide field for the development of the application 
to general purposes of small electro-motors,. 
chiefly actuated by currents derived from tlie con- 
sumption of zinc, or fmra a tliermo- electric- 
battery, or from stored electricity. Miniature 
apparatus of this kind may be made to yield sur- 
prising results, within the most restricted Umits 
imposed by the necessity for portability and 
lightness. In many instances the driving force- 
may be and is obtained from a two-cell voltaie 
generator, or from a small accumulator, charged 
with some constant cell such as Darnell's. In some 
instances the current is produced by a thermo- 
electric battery, actuated by gas, on the principle 
adopted by M. Clamond and others. It is impos- 
sible to detail the various pui-poses to which these 
small motors have been applied, and the still larger 
number to which they might, with advantage, be 
adapted, but a few instances may sen'e to demon- 
strate the classes of work to which they are best 
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fluited, and in the practice of which they may 
prove most ecouomtcal. It will be generally con- 
ceded, that even by the application of electricity 
derived from the consumption of zinc, the small 
moving powers needed in many kinds of work 
would prove inexpensive when produced by electro- 
motors. In cases of this description, the fact that 
a zinc motor is, power for power, twenty times as 
-expensive in use as a coal-motor, will weigh very 
little when it is^ considered that coal or even gas 
motors are totally inapplicable, and that the great 
convenience of current power cannot be secured in 
any other way than by the employment of electro- 
niotoi-s. It may, indeed, be objected regarding a 
voltaic battery that it is troublesome, but this 
cannot any longer be adduced as condemning the 
use of small motors, since, by the invention of 
accumulators, a constant form of cell may be used 
to provide a store of energy, which may be 
used as required. Moreover, the thermo-electric 
batteries of MM. Clamond and Noe are available 
in many instances. By either of these methods a 
current may be obtained without much trouble, and 
at insignificant cost. But it will be seen, from the 
nature of the instances of the application of small 
motors adduced, that both trouble and cost weigh 
little, as already said, in the balance against con- 
venience, applicabihty, and safety. 

Electric Routing Machine. — Tlie process of 
" routing " is that of clearing out and deepenii^ 
the hollows or " whites " in wood engravings and 
in electrotype plates. After an electrotype is 
mounted, it is usually found that the whites of the 
_plate are not sufficiently deep to allow of clean 
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in the printing. It is therefore common to chip 
or otherwise deepen them by hammer and chisel, 
or by what is known as a routing machine, driven 
by steam power. A rapidly-rotating cutter is 
brought to bear upon the work in this case, 

Tbe electric apparatus is intended to supersede 
both the old method and the steam-driven machine. 
It consists of a miniature electro-motor, carrying 
a rotating cutter, and driven by a current produced 
by any of the above generators or means. 

Its constructional arrangement is as follows : 
Between the limbs of a permanent steel magnet, of 
the form represented in Fig. 14, and Bin. in length, 
is mounted, in the direction of the length, a small 
armature of the Siemens type, as represented in 
Fig. ] 1 . The armature is free to rotate between the 
limbs of the field magnet, and in close proximity 
to them. It is furnished in the usual way ivith a 
reversing commutator. Its length, iuclodiug the 
axis of rotation, is 4in., and its diameter, 
through the iron body, from pole to pole, lin. 
It is excited by a coil composed of four layers of 
No, 24 (Birmiugham wire gauge) silk insulated 
wire. This coil is carefully insulated from the 
body of tbe armature by the usual means. At 
either end the bearing for the axis is of gun metal, 
attached to the field magnet. The commutator is 
carried by an extension of the axis, as usual, and 
tbe feeding brushes are fixed in brackets insulated 
from the beai-ing by a block of ebonite. The 
opposite extremity oi the axis is prolonged outside 
its bearing through the bend of the field magnet, 
and upon this end of the spindle is fitted a sharp 
miniature cutter. The whole apparatus is arranged 
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in a similar maimer to that represented in Fig. 15, 
but onlj one magnet is used. Its main portion is 
■encios«i in a polished wooden case. As the whole 
weighs about 2lb., it is supported by being 
attached by a hook to an indiarubber cord capable 
of extension, and attached to the roof over head. 
By these means the weight of the apparatus is 
■entirely taken off the hai^s, which are thus left 
free to guide the revolving cutter in any desired 
direction with great nicety. The electrical resis- 
tance of the motor is 0-6 ohm. 

The necessary conductors from the electric 
source are brought down within the suspending 
nibber cord, and attached to terminals fixed in 
the upper end of the motor. In order that the 
■double conductors may not interfere with the expan- 
sive action of the supporting rubber cord, they are 
*-onnected to two expanding brass wire spirals at 
the upper end. A circuit interrupter, in the form 
of a finger lever at the upper end of the motor, 
enables the operator to stait and stop the motor 
«,t will, by opening or closing the circuit. The 
velocity of rotation of the cutter is very great, and 
may probably be taken as equal to 3,000 revolu- 
tions per minute Vhen the armature is of the 
■softest iron. 

It would appear to be in some respects more 
advantageous to employ an electro -magnet instead 
■of a permanent magnet to set up the magnetic 
field, for although the apparatus would in this case 
be necessarily more complex in construction, and 
would probably require a little addition to the 
actuating current, its weight would probably be 
reduced to about one-half. In such case a minial ~ 
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■model of the electro -magnetic field motor, described 
in Fig. 16, with its magnet excited by a coil of 
No. 24 wire, would answer the purpose. In this 
case the polar inductors between which the mag- 
netic field would be set up should be either of hard 
east iron or steel. The reason is to be fouud in 
the tendency of small masses of soft iron to rapidly 
T>ecome inert when the exciting current is inter- 
rupted; and it is probable that even the tendency 
to interruption created by the reveisal of the 
current in the armature would gi'eatly weaken the 
arrangement, unless the polar pieces were of a 
nature hard enough to retain a certain store of 
magnetism permanently. 

Electric Stone-en^-avi7ig Apparatus. — Anarrange- 
ment somewhat similar to the above has been tried 
on a class of work known as stone dressing or engrav- 
ing. Tlie motor is about one-third larger, its 
■dimensions being as follow : The inducing magnet 
is 9in. in length, from between the poles to the 
middle of the bend. It is of the compound kind, 
made up from foui- thin magnets of the same size, 
fastened together with screws. The armature is 
■of the Siemens type, 5iu. in length, and with a 
•diameter from pole to pole exteriorily of IJin. 
The inducing mre is of No. 30 gauge, silk- 
insulated, in four layers. The resistance is about 
0-5 ohm oiJy. 

The rotating spindle is fitted with a reversing 
commutator made of copper, the contact springs 
being of steel, faced with platinum, a metal so 
difficult to fuse that it suffers but slight deteriora- 
tion from the sparks given off at reversal and 
partial interruption of current. The opposite 
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extremity of the axis of rotation cames a cutter 
adapted for engraving stone. The velocity of rota- 
tjon varies with the work from 1,000 to 3,000 
revolutions per minute. Tliis motor may be actu- 
ated at sufficient speed by a current equal to that 
given by two small cells of the Bunsen type. 

The apparatus may be guided in the hands, or 
supported by a suspending indiarabber cord, as in 
the former case. The cutter can be applied to the 
■work with great nicety, and its rapid rate of 
motion causes the softer varieties of stone to yield 
with surprising effect. Geometrical patterns may 
be described by this means, lettering and other 
designs may be cut, and other operations effected 
with greater speed and less rislc of damage than 
by means of chisels and hammers. A machine 
with a chisel or cutter having a reciprocating 
motion is found to act upon stone with great effect- 
The above motor may be used for this purpose by 
fitting it with bevel-wheel gear, so arranged that 
the rotatory motion may be transformed into a 
reciprocating movement of a steel bar moving in 
a vertical line. An eccenti-ic or cam on the second 
mitre wheel may be used for this purpose. By 
means of a motor with a reciprocating armature 
devised by the author in 1879, it was found that 
a speed of 3,000 effective strokes per minute might 
be impai'ted to the cutter, A motion through three- 
eighths of an inch is sufficient. 

It would probably be better in a case of this 
kind to dispense with the usual rotating armature 
altogether, and to employ instead one of the 
attracting and repelling coils or solenoids desciibed 
in Chap, V. In an arrangement of this kind a bar 
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of iron or magnetised steel might be made to acquire 
a very rapid rate of motion through a short dis- 
tance. This device would also offer other advan- 
vantages. The stroke given when an eccentric or 
crank is employed is quite positive up to the point 
of reversing the motion. It is thus limited, which 
might unfit the apparatus for working upon certain 
kinds of material. The stroke given by a plunger 
in a solenoid is not limited or positive. In this 
respect it resembles a spring, which may be more 
or less compressed. Thus an apparatus for stone- 
dressing and other operations, even rock-drilling, 
might be devised, and such an arrangement would 
present many features of practical advantage. 

Mr. Cranston, a mining engineer of Newcastle, 
was the first to propose to employ electricity for 
actuating rock drills. The ordinary rock drill con- 
sists of a vibrating piston in a cylinder, the motive 
power being either steam or compressed air. To 
the lower end of the piston rod is attached a flat- 
faced or other chisel, which, being caused to repeat- 
edly strike a particular part of the stone, is slowly 
rotated by hand, the result being that the hardest 
rocks rapidly yield to the continuous breaking-up 
action of the diill or cutter. In like manner the 
electric impidse employed by Mr. Cranston, and 
also lately for the same purpose ,by Messrs. 
Siemens, of Berlin, causes the drill to vibrate at a 
prodigious rate and with great power. The current 
of electricity is derived usually from a dynamo- 
electric machine, but the accumulator might prob- 
ably be brought into requisition for this purpose 
with less cost. The advantage of this novel appli- 
cation of electricity lies in the applicabiHty of the 



146 ELECTRO MOTOBS. ^^H 

current, and the ease with which an electric con- 
ductor of any length may he carried to the work, 
in positions frequently inaxicessible to steam or ^r 
pipes. Moreover, compressed air and steam applied 
in this way are enormously expensive — -the former 
being costly on account of the great lose of energy 
involved in its compression, and the latter on 
account of the waste of heat and power involved 
in its conveyance through great lengths of tubing. 
Electricity, on the other hand, may be genei"ated 
at any (convenient distance without considerable 
loss, oV it might be stored in accum^dators, which 
might be brought quite near to the drills, the loss 
in either case, due simply to conductor resistance, 
being comparatively insignificant. The current 
from one source of electricity, as a dynamo -machine, 
may in this manner be employed to actuate a con- 
siderable number of rock drills in one circuit 
simultaneously. 

Millstone dressing,- a prpcess involving either 
costly diamond drilling machinery or skilled labour, 
may also be effected hy means of apparatus actuated 
by the motive power of electricity. It would appear 
that in this case both vibratory and rotatory motions 
might be used with advantage. 

Dentists' Drills. — Tlie electric current, from the 
facility with which it can be conveyed through a 
thin flexible conductor, is eminently adapted for 
actuating the apparatus employed by dentists. By 
the usual method a dentist's "engine" is set in 
rotation by the foot, and its motion is communicated 
to the (WU by means of a long flexible steel spiral, 
but this arrangement has many disadvantages, 
since it either necessitates the employment of 



r 



ELECTRO -MOTIVE ENERGY. 147 

manual power, which is generally effected by 
means of a tj-eadle worked by the operator, or a 
gas motor. A drill worked by clockwork was 
invented for this purpose, but it proved too bulky 
and uoisy. An electro-motive drill is entirely free 
from these disadvantages, and it may easily be 
made small enough to obviate any objection on 
that score. 

The electro-motor may be made of the followti^ 
dimensions, and yield an effective drilling power. 
The field magnet should be of the electro kind, as 
adapted for the type of motor exhibited in Fig. 19. 
This form is very compact. It may be 3in. in 
length. Its exciting coil may be composed of four 
layers of No. 26 silk -insulated mre. The minia- 
ture Siemens armature may be SJ^iu, in length, 
including the axis of rotation. It should be so 
mounted in hearings of gun metal as to freely 
rotate between the polar inductors, which in this 
case may be of steel, with the bearings secured 
across their ends. If thought desirable, the motion, 
instead of being taken direct from the axis, and in 
a line with it, may be turaed off at right angles by 
means of suitable gearing. The fittings and 
necessaiy commutator should be of the kind already 
described, the contact springs of the latter beii^ 
of steel, faced with platinum. A permanent mag - ■ 
net, made up of several thin magnetised steel 
lamina!, may be employed, but the apparatus 
would probably, in this case, be more bulky and of 
greater weight. The conductors should be of the 
kind used for telephones — two thin flexible wires 
twisted together. A very small current would 
suffice to actuate this motor at a very great speed, 
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with a yield of considerable drilliiig powe 
weight of an arrangement of this kiud 
probably be reduced to 4oz. 

Electric Pen. — Tliis little instrument is due to 
the ingenuity of Mr. Edison. It consists of a 
small two-limbed electro-magnet, in front of the 
poles of which rotates a flat iixin armature. Its 
constiTictiou is essentially the same as that 
exhibited in Fig. 7, except that an electro-magnet 
takes the place of the permanent magnet, and the 
armature is a plain piece of iron. The current is 
cut off at the mstaut when the armature coincides 
with the poles, and the armature continues its 
rotation by inertia. A miniature three-throw cam 
is fitted upon the axis, by means of which a thin 
steel rod, fitted at its lower end with a piercing 
needle, and worliing through a steel sheath, is 
caused to vibrate three times at each revolution of 
the motor. The rate at which the needle vibrates 
in the sheath is enormous. Its piercing effect is 
utilised by forming wiitten characters, in a line of 
closely- connected perforations in papei'. This 
paper is afterwards used as a stencil plate, through 
which any number of impressions, in ink, may be 
obtained. But the method has practically been 
superseded by the "multigraph" and other pro- 
cesses, more generally applicable, and not involving 
the ase of electiicity. 

Eotating Engine for Vacuum Tubes. — Small 
motors, for the purpose of giving a rotatory motion 
to the vacuum tubes used for exliibiting the effects 
of electric discharges in rarified gases and aii-, have 
been made according to various designs. Probably 

B most compact, effective, and inexpensive motor 
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for this purpose is that represented in outline 
in Fig, 29, which exhibits the essential portion 
of the apparatus. It will be observed that a 
straight electro-magnetic bar, with its exciting 
coil in two sections, is used as the rotating portion 
of the arrangement. This electro-magnet is 
wound witli a direct beKx of insulated wire, so 
that, upon passing a current, its. extremities 
assume N and S polarity respectively. The 
straight electro -magnet is mounted, centrally of its 




length, upon an axis, rotating in bearings attached 
across the armature or surrounding circular por- 
tion of the motor. This ai-mature is of peculiar 
shape. It is a ring-shaped armature of soft cast 
iron, with segments cut from its interior, as repre- 
sented. This arrangement presents a succession 
of alternating elevations and depressions, so as to 
afford a series of attracting poiuts and neutral 
points to the force of the magnet as it rotates. 
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It will also be observed that the shape of the 
attracting portions is favourable to the productiou 
of a kind of progressive and prolonged pull upon 
the eleutro-magnet, by which means it approaches 
its poles closer and (closer to the armature, until 
the extreme point is reached, when the current is 
entirely cut off. Tlie circuit is thus completed 
and interrupted six times during each revolution. 

The circuit breaker or commutator ie attached 
to and revolves with the axis. It takes the form 
of a copper wheel, with six teeth or elevations on 
its periphery to represent the six interruptions 
necessary. It is insulated from the axis. T!ie 
contact spiing is also insulated from the metahvork 
of the machine. One exti'emity of the magnet 
coil wire is attached to the framework, fonning one 
of the poles. Tlie other extremity is connected to 
the insulated contact wheel. Tlie contact wheel is 
so set as to allow the spring to touch one of its 
teeth, and so allow the cuiTent to flow as the 
electro -magnet approaches an elevation on the 
armature. The cut-off takes place just as the 
magnet is passing the elevation. The rate of rota- 
tion may be made rapid or slow, by applying a large 
or small cmTont. One small cell maintains the 
engine in motion mth sufficient power and speed. 

The vacuum tubes are usuaUy attached to an 
arrangement canied by the axis of rotation. This 
consists of an arm or beam attached at its centre to 
the axis and insulated from it. The beam consists 
of pieces of ebonite and brass, so an-anged that the 
secondai-y current used in illuminating tlie tubes 
can be passed through them as they remain fixed^ 
between two spring catches carried by the bej 
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The frame of the motor is thus utilised as the 
return portion of the cii'cuit for both rotating and 
illuminating cun-ents, and two pairs of tei-minala 
are provided on the base of the machine for the 
two currents. 

Electro-Motors for Sewing Machines. — A con- 
aderable number of yeai-s ago the proposal to ran 
sewing machines by means of electro-motors 
attracted attention. The Howe Machine Company 
brought out a small motor similar in principle to 
Froment's, as exhibited in Fig. 10. This small 
engine sei-ved the pm-pose so far as the necessary 
speed and force were concerned, but its use necessi- 
tated the employment of a considerable force of 
current, which was not easily obtained save by 
means of voltaic cells, and the motor therefore 
never came into use. The effective motive power 
was about 1,000 foot-pounds, and to produce this 
a current equal to that from seven Bunsen cells in 
series had to be passed through the motor. The 
same result may be obtained from the improved 
motors with a current of one-half the strength. 

It is by no means easy to say what force is 
necessary to run a sewing machine, since different 
machines, or different types of consti-uction, neces- 
sitate the use of very different moving pow"ers. 
Thus the motive power tliat would run a large 
Howe machine would probably suffice to actuate 
two or three of the lighter Wheeler and Wilson 
machines, while a very considerable power would 
be needed to w"ork the larger manufactuiing 
machines made by various companies. The aver- 
age power necessary may probably be stated at 
500 foot-pounds per minute. Under favourable 
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circumstances this motive force may be obtained 
from a very small electro-motor. 

The magnetic field for a motor of this description 
may be obtained by tlie use of a permanent mag- 
netic battery of about twelve magnets, each 8In. in 
length from between the poles to the middle of the 
bend. These may be clamped in comiection with 
a pair of polar extengons of cast ii-on, in the 
manner described in coimection with Fig. 12. A 
still greater number of magnets will increase the 
intenaty of the magnetic field and the power of the 
motor. It is essential tliat tlie magnets be of 
the best steel, and tliat each should be magnetised 
to satui'ation. In comiection with these a Siemens 
armature, 12in. long in the web, may be used. 
This will give a total length of about 15in. to the 
complete machine. The axis of rotation should be 
of steel at either end of the armature, beaiing in 
blocks of gun metal fastened across the cast-iron 
inductors. Tlie coil on the ai-mature may be of 
No. 16 cottour insulated wire, in four or five layera. 
The motor would prove more effective if provided 
with an electro-magnetic field, as in Fig. 17. In 
this case the electro-magnet should be composed of 
fin. boiler-plate, curved to the U form required to 
bring its poles to embrace the exterior sides of the 
magnetic indnctoi-s. The core, after being bent, 
should be carefully aimealed. In tlie processes of 
finishing cai'e shoidd he taken to remove all rough- 
nesses in the coui-se of the vi'ire, and to chamfer -or 
round off tlie shai"p angles or other points likely to 
chafe the iiKiidating covering of the exciting coil. 
The wu'e should be of No. 14 gauge, and it may 
be covered with cotton. Insulated wires in cotton. 
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silk, and guttapei'cha ai'e readily procm-able of 
dealers in electrical appai'atus. Four layers should 
be wound on the core. In otlier respects the 
descriptions previously given will suffice to show in 
what manner the other portions should he made 
and fitted together. A. motor of this description 
and these dimensions yielded an effective power 
sufficient to actuate an ordinary sewing machine, 
with a very moderate current. 

Tlie motor may be attached to any convenient 
part of tlie sewing-machiue stand. To actuate a 
Wheeler and "Wilson machine of the No. 1 or 2 
description, it should be arranged underneath the 
table, with a band to the pulley of the machine. 
A contact or circuit maker should be attached to 
the machine, so that the motor may be started or 
stopped by the motion of the ti-eadle without the 
intervention of the hands. 

It is doubtful whether there exists any consider- 
able demand for a motor to actuate sewing machines 
as ordinarily employed. Tlie gi'eater number of 
workers would probably prefer to actuate the 
machine by foot, more especially since power of 
any kind must add greatly to the cost of producing 
machine sewing. In many special cases, however, 
when the machine is not used for direct pi"ofit, an 
electro-motor may be employed with the most 
pleasurable results. 

Transmittei' for Postal Messages. — Dr. Werner 
Siemens has suggested that the electro-motor might 
be utdised with advantage on small raUways for the 
transmission of postal messages, analogous to the 
pneumatic -tube system already in use, but avail- 
able for longer distances than the latter, and for 



154 ELECTRO-UOrOBS. ^H 

"elevated railways." For postal service he pro- 
poses a small covered railway track, about ISin. 
high, mounted on short irou columns, erected 
aloDg^de of existing i-ailwajs, or by any other 
route. The two rails are insulated irom each other 
by being mounted on wooden sleepers — one being 
in connection with the sheet-iron covering, the 
other in connection with the earth by means of 
the iron supporting columns, to form the conductors 
for the current generated by the stationary machine. 
The circuit is estabUshed with the motor on the 
axle through the wheels by a suitable commutator. 
The electrical resistance of such a system of con- 
ductors would not amount to more than 0-030 ohm 
per mile, so that one stationary machine iTould 
suffice for a length of about fifteen miles. If the 
stationai7 machine were of such a construction as 
to give a considerably more powerful current than 
the motors, the speed of a carriage would not be 
sensibly diminished if others were introduced on the 
rails at the same time, it being a property of the 
dynamo -electric machine tliat the power increases 
at a greater I'atio than the speed of rotation, A 
speed of over 1,000 yards per minute could, Dr. 
Siemens thinks, easily be obtained upon such a 
miniatui'e railway. 

Messi-s. Siemens Bros, employ tlie electro-motor 
to work lifts or hoists. A small machine is fitted 
in the hoist cage, which is balanced by a counter- 
weight, and causes it to ascend by gearing into a 
rack or screw on the fixed rail, from which, also, 
the current from a dynamo -electric machine may be 
obtained. This appeare to be a most suitable 
ap])lication of the electro -motor, and it will probably 
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be extensively employed in cities, iu cases where 
dynamo-electriuity is available. 

M. Trouve empluya small electro-motors in the 
propulsion of light pleasure boats, the source of 
electricity being canied by the boat itself. M. 
Ti-ouve has also made experiments in the use of 
motors for propelling tiicycles. He apphed the 
power of a small motor to each wheel of the tricycle, 
and was enabled to propel the machine through the 
streets of Paris, at a speed of ten miles an horn-. 
In this case the cmi-ent was obtained from a Faure 
accumulator, canial by the machine itself. The 
Fame cells were previously filled or chained by 
being coimected to a dynamo-electric machine. 

The same type of motor is especially suitable for 
use in tlie laboratory and lecture-room, for turning 
electrical machines, expeiimeuts in the reeomposi- 
tion of light, etc. IQie motoi-s may likewise be 
utilised at small expense for the worlviug of fans, 
punkas, ventilators, blowing organs, working clock- 
maker's tools, and many other kinds of light work. 

In many cases the necessai'y cuiTents may he 
obtained from already-established electric-Ught 
circuits. In others, from small voltaic cells, free 
from fmues, and in most .cases from accumulators, 
in which electricity has been stored by machine, 
thermo-battery, or cells. 

Minor Sources of Electricity. — The three leading 
sources of electrical energy at present available are 
heat, chemical decomposition, and mechanical motion. 

The first is at present represented by thermo- 
electric batteries, the second by voltaic cells, and 
the thii"d by magneto and dynamo electric machines. 
Each of these may be said to be appheable to the 
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purpose of furnishing energy for driving electro- 
motors, according to the extent of the power 
rer[tiired. Thus, present thermo-electric batteiiea 
may be employerl in the turning of small electro- 
motors for working ventilators, punkas, or sewing 
macliines. Tlie voltaic cells, in which zinc is 
consumed, and indeed represents the fuel, axe 
applicable to the same pui'poses, or when a stronger 
cuiTent is requu'ed, Tlie thh-d is more especially 
applicable in the ti'ansraission of power from one 
point to another, or in the distribution of power to 
diffei'ent points from one soui-ce of electiieity. 

In saying that thermo-electi-ic and voltaic cells 
may be used for di'iving electro -motors dii'eot, 
we have represented only one aspect of this question 
of small powers, and tliat the most unfavourable 
one. Of late, means and appai'atus for stonng or 
accumnlating electrical energy have developed into 
inventions of gi-eat impoi-tance and commercial 
value. Prior to the discoveries of MM. Plante and 
Faure there existed no practicable means by which 
electricity could be accnmulated or stoi-ed. There- 
fore, the smaller or feebler generatoi-s of electrical 
energy were in most cases valueless in regard to 
tlie driving of electro -motors. The secondary 
battery or accumulator possesses a double value in 
relation to small sources of electricity. It will not 
only condense the energy in quantity, but will give 
it up, either in quantity as stored, or in the foi-mot 
a current of great electro-motive force. To render 
the case clearer, suppose it were required to utilise 
to the full the energy of a flve-ceU. voltaic batteiy 
of the Daniell type. Let tliis battery be connected 
direct to an electro-motor and the moving powH* , 
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'ould be veiy small. Let us call its electro-motive 
force five volts. Suppose tlie battery to be cou- 
feected to a series of ten accumulator cells, airauged 
pB one cell of large surface. Under tliese conditions 
Jh^ Faure battery would be charged in quantity to 
i& potential of two volts. Still, even wbeu fully 
icharged, tbe electro-motive-force would only be two 
Volfe from tbe Faure batteiy. But let us suddenly 
Soin up tlie Faure cells in series, instead of multiple 
axe, and the cm-rent obtained will be intensified or 
■reinforced (en times. Tbe accumulator will now 
famish a cun-ent of ten times the electro-motive force 
vf the Danicil battery. This powerful current will 
ieontinue to flow until tbe accumulator has come 
l}o rest. In tbe nature of things tlie intensified 
JBurrent cannot flow sn long as that of tbe Danjell 
leell while it charged the accumulator. If, for 
JBsample, tbe Daniell batteiy were allowed to charge 
^e accumulator from four o'clock in tbe day to 
^elve o'clock next day, tbe charging, supposing 
jkhe accumulator to be suiEciently large, would last 
twenty hours. This would enable us to obtain, by 
JHirowing the accumulator cells into series, a most 
Powerful curi'ent, ten times the strength of tbe 
i>aniell battery, for two hours. Or if we aiTanged 
uie accumulator to give half the electro-motive 
force, tbe current would be five times stronger than 
^e Daniell current, and would last four bom's. 
~~\j these means it is doubtless practicable to make 
lall currents of electricity extremely useful. There 
nothing paradoxical in tbe method. It is simply 
le way of utilising tbe uatm-e of the conseiTation 
energy. Tlie current is ten times strengthened, 
it it flows for one-tenth of the time. It is analo- 
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gOHs to the effect of employing a small motor to 
wind up, to a given height, a series of lib. weights, 
each of which is released or deposited at the given 
height anil then left uutU wanted. Thus at the 
end of many hours many tons might be accumulated 
at the given height. This accumulation of power 
misbt then be employed to do small work thi-ough- 
out considerable time, or to do a great deal of work 
in a short time. From this point of view it is 
impossible to overestimate the importance of on 
electrical accimmlator. More especially is this true 
in relation to the many sources of comparatively 
weali currents at present available. 

Considerable attention and ingenuity have of lat* 
years been devoted to the subject of thei'mo -electric 
genemtors, or converters of heat into electric energy. 
The result is that a very considemble proportion of 
the heat energy employed may now be recovered 
as electricity, and compamtively small apparatus 
suffices to yield a cmxent of considerable power. 

Several inventors have given models of thermO' 
electi'ic batteries, the most successful uf whidi 
evince inventive powers and scientific knowledge of 
the highest order. Tliose of M. Clamond and M. 
Noe ai-e especially worthy of mention. In case 
where heat is obtainable at a cheap rate, as obtaioal 
from charcoal and gas, the thermo-electric piles, 18 
they are usually termed, may be used with advan- 
tage, to fm-nish constant currents of modente 
power. But thermo-electric batteries have notjfri 
been constracted of sufficiently large dimensions U 
yield the poweifnl currents, for direct use, requiidr 
to drive machinery. The sizes that may beobf "'^"'^ 
commercially are gen.eica&^ Vm\e^ V-^ 
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jets, or in lai'ger models by charcoal. Some of 
Clamoud's 100-bar piles ai'e stated to yield a cuiTent 
equal to 4 webei's, tlie mechanical equivalent of 
■which would be, according to Dr. Joule, about 222 
foot-pounds per minute. The expenditure of coal 
gas to obtain this cm-rent is stated to be about 10 
cubic feet per hour. The larger thermo-electric 
batteries are heated by means of a chai'coal fire, as 
above mentioned, but they are not so extensively 
used as the gas-heated piles. One objection ivhich 
is stated to apply to thermo-electric piles, namely, 
a decrease in the current yielded after long use, 
would appear to be due to an increase of the inter- 
nal reastance. This fault is said to be entirely 
eliminated in tlie construction of the piles issued by 
M. Noe, who employs an alloy different from that 
used by M. Clamond. Very considerable improve- 
ments have, however, been made of late in all 
^converter^ of this class, and it may be assumed that 
.a thermo-electric battery of such construction as 
■■will insure a cnn-ent of constant strength is not 
now difficult to obtain. The chief objection \vould 
appear to be the first cost, which is as yet consi- 
derable. Tliere is every prospect that the expensive 
materials at present employed in their construction 
will be replaced by equally effective combinations 
of metals and alloys of a less costly kind. Any 
kind of fuel, such as the ordinai-y illuminating oils, 
may be employed in lieu of gas or charcoal ; waste 
^^leat as steam is also available. An illustrated 
iescription of the more effective thermo-electric 
jiles ■wUl be found in tlie author's ti-eatise on 
'Electrotyping." 
Voltaic or Zinc Generators. — The number of 
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different kinds of voltaic batteries is vei-y great. 
Only a few are, liowever, suited to tlie work of 
actuating electro -motors dii'ect. In fact, were it 
uot for the facility with which electricity can be 
accumulated, condensed, or stored, voltaic converters 
would in moat cases be useless for actuating electro- 
motors. Some of the weaker cells may now be 
used to charge accumulators, and in many cases the 
cost of zinc is, compared with the convenience 
attending the use of an electro -motor, trifling. 
Voltaic batteries may be constructed of any required 
dimensions, but it is improbable that they n-ill ever 
be used to produce currents of considerable power 
direct. 

From these considerations, and the fact that 
many special apphcations of power have of late 
arisen, owing to the great conveuieuce of electro- 
motors, the voltaic cm-rent will be considered as 
offering many points of advantage, even although 
it should cost a high price as compai'ed with motive 
energy derived from coal. Oui' chief object in the 
present section of the chapter is to obtain a clear 
view of tlie protluction of voltaic currents under 
conditions when all waste is reduced to a minimum. 

The zinc generator may be regarded as a kind 
of furnace where the fuel is zinc. It is iraportant 
to take this view of it at the outset, because the 
current is derived from tlie potential energy of 
zinc in the process of its dissolution and combina- 
tion with oxygen to fonn oxide of zinc, just as the 
steam engine derives its motive energy from that 
of coal combining with tlie oxygen of the air. 
Considered thus, tlie voltaic furnace can be shown 
to he a much more perfect and specifically eco- 
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Boraical aiTongement than the steam furnace. All 
heat of low gi'ade is wasted or lost in the steam 
furnace : in the electric generator all potentiality is 
utilised. 

It is ail interesting fact that when a piece of zinc 
is plunged in acidulated water it begins to dissolve 
and give off heat. It is still more impoi'tant to 
know that by providing certain conditions, in the 
sliape of a negative or passive plate of copper 
or carbon, connected to the zinc with a wu-e, 
this heat will diminish, and it will be trans- 
formed into a current of electricity in the junction 
>vire. This current may be conducted to any point, 
there to yield its energy as mechanical motion. 
Almost all the specific energy of tlie dissolved zinc 
may thus be obtained in properly -designed appai'atus. 
A voltaic converter should be so arranged as to 
fulfil the following conditions : — 

1. The construction must be such tltat it may be 
conveniently shifted from place to place. It must 
he compact, and of small size in proportion to its 
power (portable). 

2. Generally it most not emit any offensive 
fumes or odoure, and it must be adapted to consume 
'zinc under the most favourable circumstances. 

3. Its design must allow of the free examination 
of its constituent parts, and facilities must be pro- 
vided for the renewal of the zinc plates and 
excitants with the minimum of trouble. 

4. Electrically considered it must have a low 
internal resistance, in conjunction with a high 
electro -motive force. 

5. It must not frequently require attention; for 
several hours at a time the current must he of con- 
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staot strength, and doriii^ that period there should 
be no necessity for attention. 

All these advantages may be combined, but in 
the common forms of the voltaic cell it is useless 
to seek for them in combination. It may be useful, 
however, to become acquainted with one form of 
the voltaic cell as liitheito employed. 

One of the most commonly useful zinc converters 
Ls that known as Bunsen's cell. It has been very 
extensively employed for various purposes requirii^ 
the espenditm-e of large ciurente. It possesses a 
high electro-motive force (1-888 volt), a small 
internal resistance, and its energy is almost constant 
for several hom-s at a time. It may be arranged 
to act with different kinds of excitants, and so to 
yield vaiious electro-motive forces, thi-ough various 
resistances. When aiTanged to act slowly, with a 
weak excitant, the current flows for days at a time 
without the necessity for attention. The first cost 
of the cell is small, the materials of which it is 
composenl being in common use and everywhere 
obtainable. This cell presents other points of 
advantage over many other voltaic geneiutors, but 
those mentioned will suffice to show why Bunsen's 
cell liaS been so extensively used. 

Two vessels and liquids are used as in Darnell's 
cell. By these means the hytkogen evolved 
by the absorption of o.\ygen to form oxide of zinc 
is either absorbed again before it reaches the 
negative plate or is set free from the negative cell 
as a constituent of hyponiti'ons acid gas, "When the 
cell is working at its strongest some of this gas is 
given off as fumes, which ai-e both disagi'eeable 
and unwholesome. "When a smaller propoition of 
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hjdi'ogen is evolvetl at the zinc surface it is wholly 
absorbed in thenej^fttive cell. 

In the common form of the element an outer 
containing vessel of glass or eartlienware isemployed. 
The inner vessel is mncli narrower, and of unglazed 
earthenwai'e, forming a porous cell through Avhich 
the current can pass, but which sufiBees to separate 
the two liquids of the element. The cells may be 
of any required shape. It is common to use cylin- 
drical vessels, tlie dimensions of the outer one 
determining the size of the cell. Its capacity varies 
in the common sizes from a pint to several gallons. 
The positive and negative plates ai'e of zinc and 
gas carbon. The zinc is ususilly in the form of a 
cylinder, amalgamated, and composed of rolled Bel- 
gian plate. A teiminal is attached to the zinc. 
The negative plate is usually in the form of a rod 
or rectangular block of the gi-aphite variety of 
cai'bou found in the interior of retorts after the 
process of gas-making. It is not coke, altliough 
the two varieties bear a resemblance to each other. 
A suitable quahty of the carbon presents a clear 
grey appeai-ance, and is extremely hard. Difficulty 
is frequently experienced in obtaining an effective 
electrical connection with the cai-bon rotl. A brass 
or copper clamp, screwed tightly upon it, affords a 
sufficient connection for short periods of working, 
especially when the clamp can be removed and 
frequently cleaned. A more effective connection is 
obtained by tipping the contact screw with platinum, 
which is not corroded by tlie fumes. But all the 
ordinary methods of joining the wire to the carbon 
fail sooner or later. The only permanently effec- 
tive method consists in depositing a copper cap 
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Upon the extremity of the carbon. This may be 
done by cntting notches on the head, driUing a hole, 
and fastening a stout copper wire throng it, to 
afford a better hold for the head, and depositing a 
copper uap, to the thickness of brown paper, in a 
Daniell cell. It is only necessaiy to tie the wire 
leading from the zinc of the cell around the carbon, 
and to dip the head to he coppered in the sidphate 
solution of the outer cell, having previously removed 
the copper cylinder. A deposit of copper at once 
begins to foim, and in a day or two will have 
attained the desired thickness. When ready for 
removal, a hole or tivo should be drilled through 
both copper and carbon, in order to allow of 
soaliing out the copper solution in hot water. 
Afterwards dry by heat, and apply solid paraffin, 
having previously soldered the terminal screw to 
the cap. The solid paraffin is intended to prevent 
the acid from ascending and destroying the junc- 
tion. The liquids which may be employed as 
excitants for the Bunsen cell ai-e very numerous. 
The electro-motive force and resistance vary with 
the kind of liquid employed. When the zinc com- 
partment is neai-ly filled ^vith a mixture of one 
part sulphui-ic acid to twelve of water, and the 
carbon compartment (porous cell) with strong 
nitric acid, the electro -motive force is at a maxi- 
mum (1-964 volt), and the iuterual resistance at a 
minimum (ordinarily from J to J ohm, according to 
the size of cell). When the cell is arranged in 
this way it yields nearly the greatest effect obtain- 
able from a voltaic generator. The internal 
resistance being assumed at a quarter of an ohm, 
and the electro-motive force fJ volts, the current 
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in au iuterpolar wire, presenting a resistance of ^ 
of an ohm, woukl be twowebers. The mechanical 
equivalent of this force would be, according to the 
experiments of Dr. Joule, nearly 89 foot-pounds per 
minute. The corresponding consumption of zinc, 
according to the law of equivalents, would be 
about 35 grains per hour. After a few hours, the 
gradual transfusion of the separated liquids, better 
known as endosmose, begins to tell upon and 
increase the resistance, and the strength of the 
cun-ent slowly falls off. The liquid used in the 
porous cell may be used several times. By degrees 
the absorption of the hypo-uitrous acid gas causes 
it to assume a red colour, then a green tint, and 
filially it appears as a colourless and inert liquid, 
differing Uttle from water. 

The same type of cell may be charged differently, 
and different results follow. When the nitric acid 
is represented by a mLxtui-e of twenty-five parts of 
the acid in a hmidi'ed parts of water, and the exci- 
tant by nine pai'ts sulphuric acid in a hundred 
parts of water, the electro-motive force will be 1'63 
volt. The inteiiial resistance will, for the same 
size of cell, be about one-eighth of an ohm gi'eater. 
When the cell is thus ai-ranged, the cun-ent, under 
the before -mentioned conditions, will be about 1-7 
weber, but the perio<l8 of activity of the cell will be 
considerably prolonged. Thus ai-rauged the cell will 
not emit offensive fumes, and there will be less waste 
of zinc from local action. A still weaker excitant 
may be used. The uitric acid mixture may be the 
same, and a solution of common salt may be used 
in the zinc compai'tment. The electro -motive force 
in this case is 1'9 volt, hut the internal resistance 
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is increased, so that no advautage, except that of 
still further prolonged activity, is gained. By 
charging the caihou compartment viith a solution 
of 2oz. of bichromate of potash ui 90oz. of water, 
acidulated witli lOoz. of sulphuric acid, and 
employing, as befoi-e, common salt in the zinc 
compartment, an electro-motive force of 2 volts is 
obtained, with a moderate resistance and no fumes. 
The constancy of this cell is very remaikable, but 
its resistance is fretjuently too high for diiect use 
in electro-motor circuits. The arrangement is very 
suitable when it is desired to store the cuiTent. 
Tlie reastance is considerably diminished by the 
use of acidulated water iu the zinc compartment. 

A simple cell, from which a current of great 
atx-ength may be obtained for a short time, may be 
constructed by employing two plates of cai'bon and 
one of amalgamated zinc placed between them. 
The tlii'ee plates are usually attached to a beam of 
wood, and so insulated. The two carbon plates 
are connected together as one by a brass clamp. 
This combination is excited by a solution of bichro- 
mate of potash, acidulated by 2oz. {to each pint) of 
sulphuric acid. The resultiug action is exceedingly 
vigorous, hut it is not maintained unless the plates 
be disturbed so as to cause circulation of the hquid. 
Various attempts have been made to cause the 
solution to circulate of itself, and so prolong the 
action of the cell. Tlie best of these is the sus- 
taining battery devised by the author. It consists 
of an arrangement by means of ■which gravity causes 
the exciting liquid to continue in motion until it is 
exhausted. Fig. 30 represents an element made 
. according to this device. The containing vessel is 
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cylindrical and deep. Tlie plates are two discs of 
carbon fmd one of zinc, placed in a hoiizontal plane, 
in a wooden case fitting the containing vessel in 
the manner of an ah' -tight piston. The piston is 
packed by means of a mbher ring, stretched in a 
groove turned in the face, as represented in section. 
The carbon plates may be connected together by 




means of a metallic stem, which is free of the zinc 
by an aperture cut in the centi-e. This metaUic 
stem must be of platinum. Ivory or ebonite may 
be used, and the coimection may thus be made 
between the carbon plates, aud to the exterior 
conductor, by means of a piece of platinum wire in 
the wooden airaular frame. The comiection with 
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the zinc is made by means of a plug aud taper tube 
of platinum, with a guttapercha-covered wire lead- 
ing out of the cell. By these means the zinc plate 
may be replaced by a fresh disc when worn without 
trouble — no sfddering is necessai-y at any pait of 
the element. The lifting stem niny eitlier be of 
two parts, so as to divide, or it mfiy be made to act 
as a nut to screw down upon the (Jiu-bon plate. 
The exciting hquid is poured into the upper half 
of the containing vessel, and flows into the element 
through an aperture in the upper carbon. A still 
smaller aperture is provided through the lower 
carbon plate, and the hquid thus slowly percolates 
through the cell, falling into the lower compart- 
ment di"op by drop. A small air outlet is provided 
at the upper end of the lower compai-tment. By 
these means the action of the cell may be con- 
tinued, in full even flow of cuiTent, as long as any 
of the exciting liquid remains in the upper com- 
pai-tment. It is thus possible and easy to obtain 
from the bichromate cell more favourable results 
than from the Bunsen generator. The force is 
greater, there is no fume, the resistance is much 
less, and the constancy is superior. A cell of the 
above type may be made to continue in action for 
day.s togetlier, and supply its full force tliroughout 
that time. When the lower compartment is full, 
and the solution be deemed still strong enough, 
the element" may be slowly depressed. This will 
force the lower liquid up through the element into 
the upper compartment once more. 

One of the great advantages of this type of 
element is its extremely low internal resistance, 
which is often not more than O'lohm, The plates 
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may be placed very L^lose together, compatible with 
allowing due circulation of the excitant. The 
zinc plate should in all cases be carefully amal- 
gamated. The current yielded is frequently as 
great as that from two Buusen cells of equal size. 
Grouping the Cells. — When the carbon of one 
' cell is connected to the zinc of the next, and so on 
through tlie series, it is said that the" cells are 
joined up " in series " or for electro -motive force. 
By these means we iucrease the electro-motive 
force in the ratio of the number. Thus, two cells 
in series will exhibit an electro-motive force twice 
as high as that given by one cell. When all the 
carbons ai'e connected to one condnctor and the 
zincs to another, the cells are said to be connected 
in parallel circuit, or simply as one cell of large 
surface. In this case the electro -motive force is 
that of one cell only, but the quantity of electricity 
given off is proportional to the number. In the 
case of joining up for force, we increase the inter- 
nal resistance of the battery in the mtio of the 
number. Two cells joined for electro-motive force 
ai'e capable of overcoming greater interpolar resis- 
tance than the same cells connected in parallel 
circuit. In the greater number of instances it 
will be found that about 4 volts is the minimum of 
'electro-motive force by which motors nmy be actu- 
j ated direct. In the charging of accumulators or 
' Faure cells, the force may be small or great, 
according to the time expended in the charging. 
' For motors of moderate power, a convenient force 
' is from 10 to 15 volts, in a total resistance of 
about 2 ohms. From experiments it was found 
that the cinrent in webers passed through a 
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medinm-sized Siemens machine was, for 3^ actnal 
horse power excited, 31'9, reclaiming a percentage 
of 47'7 of the prime power, through a resistance 
of nearly 0'5 ohm. 

Size of the Elements. — To those who are likely 
to employ the voltaic elements for direct diiving, 
or in the storin<f of electricity, or for testing pur- 
poses, it will prove useful to know that the electro- 
motive force of the element is not affected by the 
size. Thus a pair of thin wires used as a cell 
would yield the same electro -motive force as a pair 
of plates of the same metals. But as the element 
is increased in size, its internal resistance is 
diminished in direct ratio or neai'ly so, the result 
being the flow of an increased quantity of elec- 
tricity. Thus, a large cell is undoubtedly a more 
powerful arrangement than a small cell, but under 
certain conditions it would uot give a greater 
cm'rent. "When the intei'polar resistance is as 
small as the internal resistance of the cell, the 
useful effect is at a maximum ; when the intei-polar 
resistance is much increased, the useful effect fi'ora 
the same cell diminishes, and a smaller cell would 
then he just as effective. Hence the internal 
resistance of the cell and that between its, poles 
are mutually correlated. Taking, say, twenty cells, 
each with an internal resistance of O'l ohm only, 
and each an electi-o-motive force equal to 9 volts, 
and connecting them up in a series so that the 
total internal resistance shall be S ohms, and the 
electro-motive force 40 volts, the current in an 
interpolar resistance of 2 ohms (total 4) would be 
be about 10 webei-s (y^lO). But the greater 
. number of circuits in small motors would begiaj^l 
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heat, and the electro-magnets would be magnetised 
to satiiratinn by such a cuiTent, so that there is a 
limit to the cun-ent which may be economically 
passed throogli an electi'o-motoi-. The current 
must be limited, chiefly by reason of the fact that 
the electro-magnets would not utilise it beyond a 
certain strength, dependent upon their size. A 
limit is also imposed hy the time required to mag- 
netise and demagnetise the electro-magnets or 
armatures. It is nearly impossible to ascertain 
accurately what current would cause a given electro- 
motor to yield the maximum of power of which it 
is capable without actual trial, because the mass of 
iron to be magnetised and demagnetised, its specific 
tendency to retain magnetism, and its point of 
saturation, are all correlated, and vary to so gi'eat 
an extent in different motors. 

The great general rule to observe is based upon 
the relative proportions of electro-motive force and 
resistance, since the foimer divided by the latter 
determines the current ; and the current should be 
adapted to the motor, not only with reference to 
the resistance but vnth regard to the nature of the 
motor and its velocity of rotation. It may be 
generally assumed that when the interpolar resist- 
ance equals the internal resistance of the electric 
source, and when the motor does not tend to heat, 
the zinc is being consumed under economical con- 
ditions, or, in other words, the force is evenly 
distributed over the whole circuit. 

Economical Working. — When voltaic cells are 
used to drive small motors direct, or to charge 
accumulator's, certain conditions should be observed 
if it is required to gain the greatest effect from the 
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minimum expenditure of material. In order to 
obtain from a given battery the full effect repre- 
senting the combustion of zinc going on, care 
should be taken to reduce all the resistances to the 
lowest point, by placing the plates near to each other, 
and by making all connecting points and junction 
wires as large as convenient. The connecting-up 
arrangement should present so small a resistance 
that it may readily be left out of account. The 
zinc plates should be frequently examined, and 
re -amalgamated when they show bare patches. 
Cells should be thrown out of action when not in 
use, so that the zinc may not be wasted by local 
action. 



CHAPTER X. 
Fragmentary Information. 

Working Cost of Sources of Small Cuirents. — 
Tlie small or miniature electro-motors yield a better 
return for the energy expended than large motors. 
Tills may be due to several causes. It may be a 
result of less loss in the body of the armature, owing 
to the greater rapidity of the reversals. This loss 
in the lai^er machines may be assumed to appear 
as heat. It is very probable that the small motors 
return about 80 per cent, of the work of the 
current. 

The cost of electric energy, as derived from 
sources consuming zinc, is always very high. It 
varies with the cells from which it is obtained, the 
Daniell cell being probably the most efficient 
source, and the bichromate or nitric acid cells the 
most- expensive. If the energy of the current of a 
Daniell battery, working as it does in the telegraph 
form, can be stored up in a Faure or other accu- 
mulator at a low potential, and then released at a 
high potential by throwing the secondary cells into 
series, with a loss of 10 per cent, only, it would 
appeal' that small working powers, applicable to 
numerous purposes, might thus be produced at 
small cost. The work of storing would be done 
more rapidly by means of a sustaining cell (Fig. 30) 
on the bichromate principle, but the cost would 
be rather higher. 
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Dr. Joule calculated some years ago, l)efore 
accumulators were invented, that under favom'able 
circumstances, a current representing Ibp., or a 
cuiTent capable of actually developing that force 
thi-ough a magnetic motor, would necessitate the 
cousumption of 37^1b. of zinc In the Daniell 
battery in twelve horns. Taking this fignre as 
representing the only substance consumed in the 
generator, at 4d, per pound, the cost is 13s. 6d. for 
one horse power maintainetl for 12 houra, or Is. QJd. 
per horn'. 

From experiments made with Grove, Bunsen, 
and bichromate cells, iu order to compai^e then' 
working cost nith that of the Daniell, it appears 
that the biclvromate single cell costs neai'ly twice 
as. much as tlie Daniell. The Bmiseu cell was 
still higher. To maintain a weber current for 12 
hours, the Daniell cost for zinc, 0-2d., the Bunsen, 
for zinc, nitric and sidphuric acids, 0-6d., and the 
sustaining bichromate 0'5d. 

Dr. Joule gives tlie mechanical equivalent of the 
weber as -735 foot-pound per second, or, say, 44:'2 
per minute. Working by the law that the energy 
of the current varies as the square of the current, 
the energy representing Ihp. would be 27'5 webers 
in eai-li ohm. It is of course impossible to realise 
these forces in the working machines. The main 
object must be to obtain as much of the energy as 
possible iu the useful form of magnetic attraction 
and repulsion, and as little as may be in the form 
of heat in the magnets or conductore. It is prob- 
ably impossible to say what such a cun-ent as is 
here spoken of would cost as obtaiaed from a source 
such as a voltaic batteiy consuming zinc. The 

_i 
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voltaic cell is unsteady in working, and varies 
greatly iu local action, which is usually a source 
of much waste. Its resistance also varies. The 
theoretical expenditure of zinc is, for each weber 
maintained for ten hom^s, 175 grains. 

When the electro-magnetic engine is furnished 
with a permanent magnetic field, instead of an 
electro-magnetic field, there is a certain diminution 
in the working expense, but it is probably not 
more than 10 per cent., and is usually more tlian 
counterbalanced by the inferiority in power of the 
permanent field machines, weight for weight, when 
compared with the electro -magnetic field macliines. 
Reckoning the first cost of the motor in both cases, 
the electro -magnetic field mqtor would generally 
be regai'ded aa the cheaper one throughout. It 
may be observed that, as work is added, the motor 
revolves more slowly, and judging by the theories 
of the inverse electro-motive force exerted by the 
motor, this results in increased expeuditure of zinc 
in the cell. There is therefore a minimum speed 
at which electro-motors should revolve. 

From the foregoing considerations it would 
appear that, allowing for sll sources of loss, a 
Bunsen battery, to maintain Ihp. tlirough an 
efficient motor for ten hours, would cost for 
materials, oxidants, and excitants about 25s. This 
amount of work might be done by a common 
steam engine for oue-fifth the amount, allowing 
for sjiecial attendance, the expenditure for coal 
alone being about Is. . The Daniell cell could 
probably be made to produce small moving powers 
at a more economical rate, and it might prove of 
considerable value in connection with accutoulators. 
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but all hope of suiierseding steam engines Ity elec- 
trical energy derived from zinc must be put aside, 
even although Joules's calculation of Is. per hour 
were practicable. But there ai"e numerous appli- 
cations of motive energy where steam energy would 
be impracticable, anil in such cases, if not exceeding 
an expenditure of more than 1,000 foot-pounds, 
or the thirty -third part of a horse power, an electro- 
motor might advantageously be used, preferably 
working from an aci'umulator. 

Local Action. — Tliis somce of loss in the working 
of zinc cells lias been referred to above. Any 
impurities present in a zinc plate, such as traces of 
iron, lead, or tin, must, when the plate is plunged 
in an excitant, assume either an electro -positive or 
an electro-negative condition in relation to the zinc 
itself, or in relation to other impurities in the plate. 
From this conaderation it is not (Hfficult to perceive 
that local currents, as they are ctdled, would be 
estabhshed from one portion of the zinc to another 
portion. The real causes at work in local action 
have not, however, been fuUy investigated. It is 
sufficient to know that unprotected zinc is con- 
sumed in an excitant by local action, and that the 
more impure the zmc 'the more rapid the waste. 
A remedy for this ti'oublesome defect has long been 
in use : it consists simply in coating the zinc with 
a film of mercury, forming what is known as 
amalgamated zinc. The process itself is simple 
enough, and may be conducted as follows : — 

Amalgamation of the Zijic—The surface of tliezinc 
should be clean. New zinc plates frequently have 
an unctuous surface, which may be quickly removed 
by immersion in a hot solution of caustic soda. 
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The mercury used should be as pure s 
or at least free from lead. It luay be poured into 
a shallow vessel, and freely rubbed over the plates 
after they have been dipped in acidulated water. 
Dilute sulphuric acid may also be used in the 
rubber, which may be a pa<lof cluth or tow. The 
two metals freely combine, and after a imifdrm 
surface is presented the plates should be set up 
on edge to draiu. Very thin zinc plates become 
saturated with tlie mercury, and are then vejy 
easily broken. Even thick plates must be handled 
with additional care after being amalgamated. 
Iliis property of mercury may be turned to useful 
accouut in cutting the thick sheet zinc from which 
the plates are made. A scratch may be scored on 
either side on the required line of division and 
mercury iiui into the grooves, with the aid of a 
wetted rubber, when the plate may be easily broken 
across the edge of a table. It should be observed 
that zinc intended to be curved to a cylindrical form 
should not be amalgamated previously. 

Codxive Force. — A sensible time elapses before 
soft iron, placed in a magnetic field, or within a 
current -beai'ing helix, assumes the magnetic con- 
dition. The length of time depends upon two 
conditions : the hardness of the iron and the 
intensity of the magnetic field or external circulat- 
ing current. When the iron is hard, and the 
magnetic field or current of feeble intensity or 
strength, the lapse of time is greatest ; and con- 
versely, when the iron is soft, in an intense 
magnetic field or surrounded by a sti'ong current, 
the lapse of time is small. 

Similarly, when the iron is withdrawn from the 
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magnetic field or current-bearing helix, it does 
not lose its magnetic properties instantaneously. 
The rate of decrease is as gradual as the rate of 
increase. The cause of this is commonly known 
as coercive force. The term " soft iron " is used 
to denote that kind of iron which exhibits the 
coercive property to the least degree. 

Relative Intensities of Magnetisation of Metals 
Placed in a Given Magnetic Field. — Soft wrought 
iron, 32-8; Cast iron, 23-0; Soft steel, 21-6; Hard 
cast steel, 16*1. (Barlow.) 
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